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University of Oklahoma Health Sciences Center, 
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Rat liver sinusoidal endothelial cells (LECs) express two 
hyaluronan (HA) receptors, of 175 and 300 kDa, 
responsible for the endocytic clearance of HA. We have 
characterized eight monoclonal antibodies (mAbs) raised 
against the 175-kDa *HA* Veceptor* partially purified 
from rat LECs. These mAbs also cross-react with the 
300-kDa *HA* "receptor*. The 175-kDa *HA* 
*receptor* is a single protein, whereas the 300-kDa 
species contains three subunits, alpha, beta, and gamma 
at 260, 230, and 97 kDa, respectively (Zhou, B., Oka, J. 
A., and Weigei, P. H. (1999) J. Bioi. Chem. 274, Q/^ 
33831-33834). The 97-kDa subunit was not recognized by 
any of the mAbs in Western blots. Based on their 
cross-reactivity with these mAbs, the 175-, 230-, and 
260-kDa proteins appear to be related. Two of the mAbs 
inhibit (125)I-HA binding and endocytosis by LECs at 37 
degrees C. All of these results confirm that the mAbs 
recognize the bone fide LEC *HA* *receptor*. Indirect 
immunof luoresence shows high protein expression in liver 
sinusoids, the venous sinuses of the red pulp in spleen, 
and the medullary sinuses of lymph nodes. Because the 
tissue distribution for this endocytic *HA* *receptor* 
is not unique to liver, we propose the name HARE (*HA* 
*receptor* for endocytosis). 

7/3,AB/2 (Item 2 from file: 155) 
DIALOG(R)File 155:MEDLINE(R) 

10898576 20457547 PMID: 11002457 

The cytosolic hyaluronic* acid level defines 
several clinico-biological properties of CD44v5-positive 
infiltrating ductal carcinoma of the breast] 

La concentracion de acido hialuronico citosolico 
define ciertas propiedades clinicobiologicas del 
carcinoma ductal infiltrante de mama CD44v5 positive 

Ruibal A; Arias J I; Carmen del Rio M; San Roman J M; 
Lapena G; Schneider J; Tejerina A 

Servicio de Medicina Nuclear, Fundacion Jimenez Diaz, 
Madrid. Medicina clinica (SPAIN) Jul 8 2000, 115 (6) 
p201-7, ISSN 0025-7753 Journal Code: 0376377 

Document type: Journal Article ; English Abstract 

Languages: SPANISH 

Main Citation Owner: NLM 

Record type: Completed 

BACKGROUND: The hyaluronic acid (HA) is a ligand 
of CD44 adhesion molecule. In this work, we study if 
the cytosolic level of this proteoglycan can modulate 
certain clinical-biological properties at CD44v5-positive 
infiltrating ductal carcinomas (IDC) of the breast. 
PATIENTS AND METHODS: We have assayed, by a 
radioligand method, the cytosolic level of hyaluronic acid 
in 127 IDC. Likewise, cytosolic levels of estrogen 
receptors (ER), progesterone receptors (PR), pS2, 
cathepsin D and tissue.-type plasminogen activators (t-PA) 
have been dossif ied, as well as those of epidermal 



growth factor receptor (E6FR) at cell surfaces. The 
menopausal status, tumor size, axillary lymph node 
involvement, histological grade, ploidy and S-phase have 
also been taken into account. RESULTS: HA positive (> 
4800 ng/mg prt., which represents the median value 
obtained with 252 tumors) carcinomas had higher levels 
of PR (p = 0.035) and t-PA (p = 0.000), whereas HA 
negative showed a higher frequency of a tumor size > 2 
cm (p = 0.015), aneuploidy (p = 0.015) and S-phase > 14% (p 
= 0.019), as well as histological grade 3 which 
reached statistical significance (p = 0.062), all of which 
were indicators of a worse behaviour and evolution. 
CONCLUSIONS: Our results suggest that, as it also 
happens with that of the cell surface, cytosolic HA 
levels seems to modulate certain clinical-biological 
features of CD44v5-positive infiltrating ductal 
carcinomas of the breast. Likewise, they can help us 
to explain the discordant results described at the 
literature concerning its practical value when each of 
them are considered separately. 

7/3,AB/3 (Item 3 from file: 155) 
DIALOG(R)File 155:MEDLINE(R) 

10871740 20428667 PMID: 10882722 

Differences in "hyaluronic* acid-mediated functions 
and signaling in arterial, microvessel, and vein-derived 
human endothelial cells. Lokeshwar V B; Selzer M & 

Departments of Urology and Cell Biology and Anatomy, 
University of Miami School of Medicine, Miami, Florida 
33101, USA. vlokeshw@med.miami.edu Journal of 
biological chemistry (UNITED STATES) Sep 8 2000, 
275 (36) p27641-9, ISSN 0021-9258 Journal Code: 
2985121R 

Document type: Journal Article 

Languages: ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

Hyaluronic acid (HA), a nonsulfated 
glycosaminoglycan, regulates cell adhesion and migration. 
Small HA fragments (3-25 disaccharide units) induce 
neovascularization. We investigated the effect of HA 
and a HA fragment (10-15 disaccharide units, Fl) on 
primary human endothelial cells (ECs). Human pulmonary 
ECs (HPAEC) and lung microvessel ECs (HMVEC-L) bound 
HA (K(d) approximately 1 and 2.3 nm, respectively) and 
expressed 17,780 and 16,690 HA binding sites, 
respectively. Both ECs showed HA-mediated cell adhesion; 
however, HMVEC-L was 1.5-fold better. Human umbilical 
vein ECs neither bound HA nor showed HA-mediated 
adhesion. All three ECs expressed CD44 ( approximately 
110 kDa). The expression of receptor for HA-mediated 
motility (RHAMM) (approximately 80 kDa) was the 
highest in HMVEC-L, followed by HPAEC and human 
umbilical vein ECs. RHAMM, not CD44, bound HA in all 
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three ECs. Fl was better than HA and stimulated a 2. 5- 
and 1.8-fold mitogenic response in HMVEC-L and 
HPAEC, respectively. Both HA and Fl induced tyrosine 
phosphorylation of pl25(FAK), paxillin, and p42/44 ERK in 
HMVEC-L and HPAEC, which was blocked by an 
anti-RHAMM antibody. These results demonstrate that 
RHAMM is the functional *HA* *receptor* in primary 
human ECs. Heterogeneity exists among primary 
human ECs of different vascular origins, with 
respect to functional *HA* *receptor* expression and 
function. 



7/3,AB/4 (Item 4 from file: 155) 
DIALOG(R)File 155:MEDLINE(R) 

10754795 20309751 PMID: 10751416 
Oncostatin M and transforming growth 

factor-beta 1 induce post-translational modification 

and *hyaluronan* binding to CD44 in lung-derived 

epithelial tumor cells. 
Cichy J; Pure E 

Wistar Institute, Philadelphia, Pennsylvania 19104, USA. 
Journal of biological chemistry (UNITED STATES) Jun 
16 2000, 275 (24) pl8061-9, ISSN 0021-9258 
Journal Code: 2985121R 

Document type: Journal Article 

Languages: ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

CD44, a receptor for hyaluronan (HA), has been 
implicated in tumor growth and metastasis. Most 
CD44-positive cells fail to exhibit constitutive *HA* 
*receptor* function but CD44-mediated HA binding 
on hematopoetic cells can be induced by antibody 
cross-linking of the receptor and by physiologic stimuli, 
including cytokines. We now demonstrate that oncostatin 
M (OSM) and transforming growth factor-betal, 
cytokines known to regulate the growth of tumor 
cells, stimulate HA binding in lung epithelial-derived 
tumor cells. In lung epithelial-derived tumor cells, 
cytokine-induced binding resulted from 
post-translational modification of the receptor. 
OSM-induced HA binding was associated with a 
reduction in N-linked carbohydrate content of CD44. In 
addition, OSM induced HA binding via a novel mechanism 
requiring sulfation of chondroitin sulfate chains linked to 
CD44. The mechanism underlying transforming growth 
factor-betal induced HA binding was distinct from the 
effects of OSM. The data presented indicate that 
modulation of the glycosylation and sulfation of CD44 
by cytokines provides mechanisms for regulating cell 
adhesion during tumor growth and metastasis. 

7/3,AB/5 (Item 5 from file: 155) 



DIALOG(R)File 155:MEDLINE(R) 

10730511 20267381 PMID: 10809384 

Are *hyaluronan* receptors involved in 
three-dimensional cell migration? 
Nehls V; Hayen W 

Department of Medicine, Institute for Clinical 
Biochemistry and Pathobiochemistry, University of 
Wurzburg, Germany. nehls@klinbiochem.uni-w uerzburg.de 

Histology and histopathology (SPAIN) Apr 2000, 15 
(2) p629-36, ISSN 0213-3911 Journal Code: 8609357 

Document type: Journal Article; Review; Review, Tutorial 
Languages: ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

Hyaluronan (HA), an unbranched polysaccharide 
consisting of repeated glucuronic 
acid/N-acetylglucosamine disaccharide units, is 
ubiquitously present in the extracellular matrix of 
many tissues (for a more comprehensive review see: 
Fraser et al., 1997). Increased amounts of hyaluronan 
are produced by solid tumors and tumor-associated 
fibroblasts, and tumor-induced HA is correlated with 
poor prognosis. HA is well known to stimulate the 
migration of a large variety of cell types. Stimulation of 
cell migration by HA has been explained by different 
mechanisms. HA was shown to specifically bind to cell 
surface receptors, and inhibition of *HA*-*receptor* 
function was demonstrated to decrease cell migration 
and tumor growth. On the other hand, HA as a large 
hydrophilic molecule is also known to modulate the 
extracellular packing of collagen and fibrin, leading to 
increased fiber size and porosity of extracellular 
substrates. Hence a modified matrix architecture might 
similarly account for increased locomotion of cells. In 
this review, we attempted to summarize the available 
data on HA-induced cell migration, with particular 
emphasis on the role of HA receptors in 
three-dimensional cell migration. Although the *HA* 
*receptor* CD44 has been shown to mediate migration 
of cells over two-dimensional hyaluronan-coated 
surfaces in vitro, there is only little evidence that 
HA-binding to CD44 or other HA receptors has major 
impact on the locomotion of cells through 
three-dimensional matrices in vivo. We showed 
recently that the promigratory effect of HA in 
fibrin gels is largely due to HA-mediated modulation of 
fibrin polymerization. By increasing the porosity of fibrin 
gels, HA strongly accelerates cell migration. The 
porosity of matrices therefore appears as an important 
and probably underestimated determinant of cell 
migration and tumor spread. 

7/3,AB/6 (Item 6 from file: 155) 
DIALOG(R)File 155:MEDLINE(R) 
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10660836 20192996 PMID: 10730753 

Topical hyaluronidase decreases hyaluronic* acid and 
CD44 in human skin and in reconstituted human 
epidermis: evidence that hyaluronidase can permeate the 
stratum corneum. 

Laugier J P; Shuster S; Rosdy M; Csoka A B; Stern R; 
Maibach H I Department of Dermatology, School of 
Medicine, University of California San Francisco, 
94143-0506, USA. 

British journal of dermatology (ENGLAND) Feb 2000, 
142 (2) P 226-33, ISSN 0007-0963 Journal Code: 
0004041 

Document type: Journal Article 

Languages: ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

Hyaluronic acid (HA), a high molecular weight 
glycosaminoglycan of the extracellular matrix involved 
in growth, inflammation and wound healing, also 
contributes to the hydration and plastic properties of 
skin. Several drug and cosmetic formulations contain HA. 
We have initiated investigations that explore whether it 
is possible, by topical application, to modulate endogenous 
HA levels in skin. We developed a model epidermal culture 
system that exhibited a differentiated stratum 
corneum, and expressed HA and the *HA* *receptor* 
CD44, in a pattern similar to that observed in intact 
skin. Such in vitro skin equivalents are useful models 
for investigating the effect of topical drugs. HA and 
bacterial hyaluronidase were applied to the in vitro 
skin equivalent and to human skin. Their effects on 
endogenous HA and CD44 expression were examined 
using histochemical analysis. Topical HA treatment had 
no significant effect on HA or CD44 expression in either 
system. However, hyaluronidase decreased HA and CD44 
expression in a dose-dependent manner in both the 
epidermal culture system and in skin. Apparently, HA is 
not able to permeate the epidermal culture system or 
human skin to a significant degree, but bacterial 
hyaluronidase does permeate both human skin and the 
culture system, depleting HA and decreasing CD44 
expression. These effects were more prominent in the 
dermal than in the epidermal layers, suggesting that 
marked differences in HA metabolism exist in these two 
skin compartments. The ability of hyaluronidase to 
permeate the stratum corneum suggests that topical 
application may, additionally, be useful as a clinical 
modality. 

7/3,AB/7 (Item 7 from file: 155) 
DIALOG(R)File 155:MEDLINE(R) 

10638645 20179901 PMID: 10713114 

Heparan sulfate proteoglycan isoforms of the CD44 
*hyaluronan* *receptor* induced in human inflammatory 
macrophages can function as paracrine regulators of 



fibroblast growth factor action. 

Jones M; Tussey L; Athanasou N; Jackson D G 

Department of Cellular Science, John Radcliffe 
Hospital, Headington, Oxford 0X3 9DU, United Kingdom. 

Journal of biological chemistry (UNITED STATES) 
Mar 17 2000, 275 (11) p7964-74, ISSN 0021-9258 
Journal Code: 2985121R 

Document type: Journal Article 

Languages: ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

The CD44 glycoprotein is expressed in multiple 
isoforms on a variety of cell types where it functions 
as a receptor for hyaluronan-mediated motility. 
Recently, interest has centered on CD44 heparan 
sulfate proteoglycan (HSPG) isoforms because of their 
potential to sequester heparin-binding growth factors 
and chemokines. Expression of these isoforms on 
ectodermal cells has recently been shown to regulate limb 
morphogenesis via presentation of fibroblast growth 
factor (FGF) 4/FGF 8 while expression on tumor cells 
was shown to sequester hepatocyte growth factor and 
promote tumor dissemination. To date, however, CD44 
HSPG expression in tissue macrophages and lymphocytes 
has not been adequately investigated, despite the fact 
these cells actively synthesize growth factors and 
chemokines and indirect evidence that monocyte CD44 
sequesters macrophage inflammatory protein-lbeta. Here 
we show primary human monocytes rather than 
lymphocytes express CD44 HSPGs, but only following 
in vitro differentiation to macrophages or activation 

with the proinflammatory cytokine 
interleukin-lalpha or bacterial lipopolysaccharide. 
Furthermore, we show these isoforms are 
preferentially modified with heparan rather than 
chondroitin sulfate, bind the macrophage-derived 
growth factors FGF-2, vascular endothelial growth 
factor, and heparin-binding epidermal growth factor with 
varying affinities (K(d) 25-330 nM) and in the case of 
FGF-2, can stimulate productive binding to the high 
affinity tyrosine kinase FGF receptor 1 (FGFR1). In 
contrast, we find no evidence for significant binding to 
C-C chemokines. Last, we confirm by immunof luorescent 
antibody staining that inflamed synovial membrane 
macrophages express CD44 HSPGs and that expression 
is greatest in cells containing high FGF-2 levels. These 
results suggest a paracrine role for macrophage CD44 
HSPG isoforms in the regulation of growth factor action 
during inflammation. 

7/3,AB/8 (Item 8 from file: 155) 
DIALOG(R)File 155:MEDLINE(R) 

10515392 20036507 PMID: 10567337 
Purification and subunit characterization of the rat 
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liver^ndocytic *hyaluronan* *receptor*. 

ZhouVoka J A; Singh A; Weigel P H 

Department of Biochemistry, University of Oklahoma 
Health Sciences Center, Oklahoma City, Oklahoma 73190, 
USA. \ 

Journal of bioldgical chemistry (UNITED STATES) 
Nov 26 1999, 274\48) p33831-4, ISSN 0021-9258 
Journal Code: 2985121R 

Contract/Grant No.: GM35978; GM; NIGMS 

Document type: Journal Article 

Languages: ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

The endocytic hyaluronan (*HA*) *receptor* of liver 
sinusoidal endothelial cells (LECs) is responsible for the 
clearance of HA and other glycosaminoglycans from the 
circulation in mammals. We report here for the first 
time the purification of this liver *HA* *receptor*. 
Using lectin and immuno-aff inity chromatography, two 
*HA* *receptor* species were purified from 
detergent-solubilized membranes prepared from purified 
rat LECs. In nonreducing SDS-polyacrylamide gel 
electrophoresis (PAGE), these two proteins migrated 
at 175- and approximately 300 kDa corresponding to 
the two species previously identified by photoaff inity 
labeling of live cells as the *HA* *receptor* 
(Yannariello-Brown, J., Frost, S. J., and Weigel, P. H. 
(1992) J. Biol. Chem. 267, 20451-20456). These two 
proteins co-purify in a molar ratio of 2:1 (175:300), 
and both proteins are active, able to bind HA after 
SDS-PAGE, electrotransfer, and renaturation. After 
reduction, the 175-kDa protein migrates as a 
approximately 185-kDa protein and is not able to bind HA. 
The 300-kDa *HA* *receptor* is a complex of three 
disulf ide-bonded subunits that migrate in reducing 
SDS-PAGE at approximately 260, 230, and 97 kDa. These 
proteins designated, respectively, the alpha, beta, and 
gamma subunits are present in a molar ratio of 1:1:1 and 
are also unable to bind HA when reduced. The 175-kDa 
protein and all three subunits of the 300-kDa species 
contain N-linked oligosaccharides, as indicated by 
increased migration in SDS-PAGE after treatment with 
N-glycosidase F. Both of the deglycosylated, nonreduced 
*HA* *receptor* proteins still bind HA. 




V.Assmann@icrf.icnet.uk 

Journal of cell science (ENGLAND) Nov 1999, 112 ( Pt 
22) p3943-54, ISSN 0021-9533 Journal Code: 
0052457 

Document type: Journal Article 

Languages: ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

We reported recently on the intracellular 
localisation of the *hyaluronan* *receptor* 
RHAMM/IHABP in human cancer cells. Here we describe 
the colocalisation of RHAMM/IHABP proteins with 
microtubules, both in interphase and dividing cells, 
suggesting that RHAMM/IHABP represents a novel 
member of the family of microtubule-associated 
proteins (MAPs). We have identified four different splice 
variants of RHAMM/IHABP, all of which colocalise, at 
least transiently, with microtubules when expressed as 
GFP fusion proteins in HeLa cells. Using 
microtubule-binding assays and transient transfection 
experiments of deletion-bearing RHAMM/IHABP 
mutants, we localised the microtubule-binding region to 
the extreme N terminus of RHAMM/IHABP. This 
interaction domain is composed of two distinct 
subdomains, one of which is sufficient to mediate 
binding to the mitotic spindle while both domains are 
required for binding of RHAMM/IHABP proteins to 
interphase microtubules. Sequence analysis revealed that 
the projection domain of RHAMM/IHABP is predicted 
to form coiled-coils, implying that RHAMM/IHABP 
represents a filamentous protein capable of interacting 
with other proteins and we found that RHAMM/IHABP 
interacts with actin filaments in vivo and in vitro. 
Moreover, in vitro translated RHAMM/IHABP isoforms 
efficiently bind to immobilised calmodulin in a 
Ca(2+)-dependent manner via a calmodulin-binding site 
within the projection domain of RHAMM/IHABP 
(residues 574-602). Taken together, our results 
strongly suggest that RHAMM/IHABP is a ubiquitously 
expressed, filamentous protein capable of interacting 
with microtubules and microfilaments and not, as 
numerous previous reports suggest, a cell surface 
receptor for the extracellular matrix component 
hyaluronan. 
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The intracellular *hyaluronan* *receptor* 
RHAMM/IHABP interacts with microtubules and actin 
filaments. 

Assmann V; Jenkinson D; Marshall J F; Hart I R 
Richard Dimbleby Department of Cancer 
Research/ICRF Laboratory, St Thomas' Hospital, 
Lambeth Palace Road, London SEl 7EH, UK. 
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The giycosaminogiycan hyaiuronan (HA) and 
HA-binding proteins (HABPs) serve important structural 
and regulatory functions during development and in 
maintaining adult tissue homeostasis. Here we have 
identified and partially characterized the sequence and 
expression pattern of three putative novel HABPs. DNA 
sequence analysis revealed that two of the novel HABPs, 
WF-HABP and BM-HABP, form a unique HA-binding 
subfamily, whereas the third protein, OE-HABP, is more 
closely related to the LINK subfamily of HABPs. 
Northern blotting experiments revealed that the 
expression of BM-HABP was highly restricted, with 
substantial expression detected only in human fetal liver. 
In contrast, WF-HABP and OE-HABP mRNAs were 
detected in a number of tissues, with particularly 
prominent expression in highly vascularized tissues such 
as the heart, placenta, and lung. Additional studies 
showed that OE-HABP was expressed by cultured 
human endothelial cells, smooth muscle cells, and 
differentiated monocytes. However, only endothelial cells 
expressed WF-HABP mRNA, and its expression was 
regulated by growth state, being most prominent in 
quiescent endothelial cells. We further characterized 
the expression of WF-HABP in vivo and found that its 
expression colocalized with CD31-positive cells and 
was prominently expressed in microvessels in the human 
aorta and in atherectomy samples. Our data suggest 
that WF-HABP is an endothelial cell-specif ic *HA* 
*receptor* and that it may serve a unique function in 
these cells. The WF-HABP gene was localized to 
chromosome 3p21.31 and the OE-HABP gene to 
15q25.2-25.3. 
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Department of Experimental Pathology, University 
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Hyaiuronan is a widely distributed extracellular 
component of connective tissue with several mechanical 
and cell biological functions. The serum level of 
hyaiuronan is elevated in rheumatic and liver diseases 
and in certain malignancies. The major route of 
hyaiuronan clearance from the blood is via the liver, 
taken up predominantly by sinusoidal liver endothelial 
cells. We have purified a novel hyaiuronan binding protein 
from liver that also has an affinity for the N-terminal 
propeptide of type I procollagen, a physiological 
scavenger receptor ligand. A polyclonal antibody raised 
against the protein was found to inhibit the binding and 
degradation of hyaiuronan as well as two scavenger 
receptor ligands by cultured sinusoidal liver 
endothelial cells. Immunostaining of nonpermeabilized 
liver cells and liver sections showed that the antibody 
specifically stains the surface of sinusoidal liver 
endothelial cells. After pretreatment with monensin to 
block the recirculation of endocytic receptors, the 
immunostaining was specifically associated with early 
endosomes of these cells. Thus, this rat sinusoidal liver 
endothelial cell *hyaluronan* *receptor* shares 
functional properties with the scavenger receptor 
family, a group of proteins shown to play a key role in the 
uptake of atherogenic lipids and other waste products 
from the tissues. 
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Internalization of the *hyaluronan* *receptor* 
CD44 by chondrocytes. 
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Chondrocytes express CD44 as a primary receptor 
for the matrix macromolecule hyaiuronan. Hyaiuronan is 
responsible for the retention and organization of 
proteoglycan within cartilage, and hyaluronan-chondrocyte 
interactions are important for the assembly and 
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maintenance of the cartilage matrix. Bovine articular 
chondrocytes were used to study the endocytosis and 
turnover of CD44 and the effects of receptor occupancy 
on this turnover. Matrix-intact chondrocytes exhibit 
approximately a 6% internalization of cell surface 
CD44 by 4 h. Treatment with Streptomyces hyaluronidase 
to remove endogenous pericellular matrix increased 
internalization to approximately 20% of cell surface 
CD44 at 4 h. This turnover could be partially inhibited 
by the addition of exogenous hyaluronan to these 
matrix-depieted chondrocytes. Cell surface 
biot in- labeled CD44 was internalized by 
chondrocytes and this internalization was decreased in 
the presence of hyaluronan. Colocalization of internalized 
CD44 and f luorescein-labeled hyaluronan in intracellular 
vesicles correlates with the previous results of 
receptor-mediated endocytosis pathway for the 
degradation of hyaluronan by acid hydrolases. Taken 
together, our results indicate that CD44 is 
internalized by chondrocytes and that CD44 turnover 
is modulated by occupancy with hyaluronan. Copyright 
1999 Academic Press. 
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The regulation of hyaluronan synthesis and shedding was 
analysed in human fibroblasts and in two melanoma 
cells that differed in the metastatic potential and 
proteolysis of the *hyaluronan* *receptor* CD44. 
Dissociation of nascent hyaluronan from plasma 
membranes isolated from fibroblasts by high salt 
concentrations led to activation of hyaluronan synthase. 
Hyaluronan synthesis was also enhanced in plasma 
membranes from fibroblasts that had been treated with 
hyaluronidase or trypsin. Hyaluronan oligosaccharides 
stimulated hyaluronan production in fibroblast cultures. 
These results indicated that nascent 
high-molecular-mass hyaluronan inhibited its own chain 
elongation, if it was retained in the vicinity of the 
synthase by cell-surface receptors. The results also 
indicated that increased hyaluronan synthesis and 
shedding correlated with proteolysis of CD44 on the 



melanoma cell lines, which has been observed by others. 
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The hyaluronic* *acid* *receptor* is induced by 

stretch injury of rat bladder in vivo and influences 

smooth muscle cell contraction in vitro. 
Bagli D J; Joyner B D; Mahoney S R; McCulloch L 
Department of Surgery, Hospital For Sick Children, 

Research Institute, University of Toronto, Ontario, 

Canada. 
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PURPOSE: Loss of bladder compliance from 
hypercontractility and fibrosis may represent an injury 
response to excessive intravesical pressure. Together, 
interactions between cell and extracellular matrix 
components regulate cell response to injury and 
extracellular matrix remodeling. The receptor for 
hyaluronic acid mediated motility (RHAMM) is a 
recently described hyaluronic acid binding protein known 
to influence multiple types of cell extracellular matrix 
interaction in development, injury and cancer. We 
evaluate the role of RHAMM in mediating early events in 
bladder stretch injury. MATERIALS AND METHODS: 
An acute stretch injury model was used. The rat bladder 
was injured by hydrodistention inducing gross 
hematuria. Tissues were analyzed for temporal and 
spatial expression of RHAMM in the mucosa and 
detrusor regions by immunostaining, western and 
reverse transcriptase polymerase chain reaction 
analyses. The contractile activity of smooth muscle cell 
primary cultures was analyzed using a gel contraction 
assay in the presence of peptide fragments known to 
block RHAMM function. RESULTS: Acute 
hydrodistention caused immediate and significant injury 
to the bladder, with fracturing of smooth muscle cell 
bundles, edema and hemorrhage. RHAMM immunolocalized 
to the mucosa and detrusor within 2 hours of injury, 
peaking by 5 to 10 hours. A shift from low molecular 
weight (55 kD.) to high (120 kD.) receptor isoforms 
was prominent during the peak expression period noted 
by immunolocalization. RHAMM messenger ribonucleic acid 
increased only slightly (40%) by 5 hours after injury. 
Smooth muscle cell primary cultures actively initiated and 
maintained the contraction of collagen gels by more 
than 75% of baseline in vitro. Blocking RHAMM 
function significantly inhibited the ability to less than 
25% of smooth muscle cells to contract the gels in 
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vitro. CONCLUSIONS: Increased expression of RHAMM 
is an early event precipitated by stretch injury to the 
bladder. Since extracellular matrix hyaluronic acid is 
found early in tissue repair responses, its receptor 
RHAMM may be mediating initial bladder responses to 
stretch injury, some of which (contraction) may be 
experimentally blocked in vitro. Since the receptor 
directly regulates protein kinase signaling which in 
turn mediates smooth muscle cell contraction and 
collagen synthesis, further studies of RHAMM function 
in bladder pathology are warranted. 
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*Hyaluronan* stimulates tumor cell migration by 
modulating the fibrin fiber architecture. 

Hayen W; Goebeler M; Kumar 5; Riessen R; Nehls V 
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The glycosaminoglycan hyaluronan, which supports tumor 
cell migration and metastasis, interferes with fibrin 
polymerization and leads to increased fiber size and 
porosity of fibrin clots. Here we have studied the 
proportionate effect of fibrin polymerization on 
hyaluronan-mediated migration of glioblastoma cells. The 
structural and physical properties of 
hyaluronan-containing fibrin gels were analyzed by 
turbidity measurement, laser scanning microscopy, 
compaction assay, and calculation of pore size by liquid 
permeation. When fibrin polymerized in the presence of 
hyaluronan or dextran, the resulting gels strongly 
stimulated cell migration, and migration significantly 
correlated with fiber mass-to-length ratios and pore 
diameters. In contrast, cell migration was not induced by 
addition of hyaluronan to supernatants of already 
polymerized gels. Hyaluronan-mediated migration was 
inhibited in fibrin gels by antibodies to alphav- and 
beta lintegr ins and the disintegrin echistatin, but not by 
antibodies to the *hyaluronan* *receptor* CD44 (up to 50 
microg/ml). As a control, we show that anti-CD44 (10 
microg/ml) inhibited cell migration on a pure hyaluronan 
matrix using a two-dimensional Boyden chamber 
system. In contrast to three-dimensional migration, 
the migration of cells on the surfaces of variably 
structured fibrin gels was not significantly different, 



indicating that increased gel permeability (porosity) 
may account for hyaluronan-mediated migration. We 
conclude that, in complex three-dimensional substrates, 
the predominant effect of hyaluronan on cell migration 
might be indirect and requires modulation of 
fibrin polymerization. 
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CD44 expression and hyaluronic* acid binding of 
malignant glioma cells. 
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Hospital, Department of Pediatric Hematology and 
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The mechanisms leading to rapid invasive growth of 
malignant gliomas are poorly understood. Expression 
of the hyaluronic acid (*HA*) *receptor* CD44 and 
adhesion to HA are involved in invasive properties. Our 
previous studies have shown that malignant glioma cells 
are able to adhere to extracellular HA. Here we 
investigated expression of the hyaluronic* *acid* 
*receptor* CD44 protein in five human (T98G, A172, 
U87MG, 86HG39, 85HG66) and two rat (C6, 9L) glioma 
cell lines. Influence of anti-CD44 antibody and 
hyaluronidase-preincubation on the HA-binding was 
determined using HA/BSA (bovine serum 
albumin)-coated culture plates. While all gliomas were 
highly positive for CD44 with no differences in the 
number of positive staining cells, median fluorescence 
intensity decreased as follows: C6>T98G>9L>85HG66> 
86HG39>A172>U87MG. Using HA/BSA coated culture 
plates the relative levels of specific adhesion to HA were 
determined as T98G>A172>9L>86HG39>U87MG> 
85HG66. C6 cells failed to bind HA specifically. 
Incubation with anti-human-CD44 MAb significantly 
decreased HA-adhesion of T98G, A172, 85HG66 and 
U87MG human glioma cells. However the binding capacity 
was completely blocked only in 85HG66 cells. The three 
other cell lines kept a specific HA-adhesion after 
saturation of the receptor. Hyaluronidase pretreatment 
markedly enhanced HA-adhesion of C6 and 9L rat glioma 
cells. These results suggest that (i) HA-adhesion of 
malignant glioma cells is mainly, but not only, mediated 
by CD44, (ii) expression of CD44 does not correspond 
with adhesion capacity and (iii) cell-bound 



09/842930 



Dialog 



8/6/02 



Page 9 



glycosaminoglycans may influence glioma cell adhesion 
to extracellular HA. 
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Expression of the *hyaluronan* *receptor*, CD44S, in 
epithelial ovarian cancer is an independent predictor of 
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Most ovarian carcinomas present at advanced stage, 
principally as the result of dissemination to peritoneal 
sites. Standard CD44 (CD44S) is the principal receptor 
for hyaluronic acid, and in vitro and animal studies have 
suggested that the attachment of ovarian carcinoma 
cells to the peritoneal mesothelium involves the 
interaction between CD44S on ovarian carcinoma cells and 
hyaluronic acid on mesothelial surfaces. We, therefore, 
analyzed a series of ovarian carcinomas for the 
expression of CD445 by immunohistochemistry to see 
whether expression of this receptor by tumor cells 
correlated with clinicopathological factors and measures 
of patient outcome. Fifty-six fixed, paraffin-embedded 
primary epithelial ovarian tumors were immunostained 
with antibody to CD44S. Membrane staining was 
considered positive, and results were correlated with 
stage, grade, age, histology, and survival. Twenty-two 
(39%) tumors were positive for CD44S. There was no 
correlation between CD44 expression and histological 
type, grade, age, or stage. However, CD44 expression was 
significantly associated with survival in both univariate 
(P - 0.003) and multivariate (P = 0.006) analyses. These 
results support a role for CD44S expression in the spread 
of ovarian epithelial cancer and suggest that expression 
of this molecule is a significant independent predictor 
of survival in women with this disease. 
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Potential role for *hyaluronan* and the 



*hyaluronan* *receptor* RHAMM in mobilization and 
trafficking of hematopoietic progenitor cells. 
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Departments of Oncology and Medicine, University of 
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Although the mechanism(s) underlying mobilization 
of hematopoietic progenitor cells (HPCs) is unknown, 
detachment from the bone marrow (BM) 
microenvironment and motility are likely to play a role. 
This work analyzes the motile behavior of HPCs 
and the receptors involved. 
CD34(+)45(lo/med)Scatterlo/med HPCs from 
granulocyte colony-stimulating factor (G-CSF)-mobilized 
blood and mobilized BM were compared with 
steady-state BM for their ability to bind hyaluronan (HA), 
their expression of the HA receptors RHAMM and CD44, 
and their motogenic behavior. Although RHAMM and 
CD44 are expressed by mobilized blood HPCs, function 
blocking monoclonal antibodies (MoAbs) identified 
RHAMM as a major HA binding receptor, with a less 
consistent participation by CD44. Permeabilization of 
mobilized blood HPCs showed a pool of intracellular 
(ic) RHAMM and a smaller pool of icCD44. In 
contrast, steady-state BM HPCs have significantly 
larger pools of icRHAMM and icCD44. Also, in contrast 
to mobilized blood HPCs, for steady-state BM HPCs, 
MoAbs to RHAMM and CD44 act as agonists to 
upregulate HA binding. The comparison between mobilized 
and steady-state BM HPCs suggests that G-CSF 
mobilization is associated with depletion of intracellular 
stores of HA receptors and modulates *HA* *receptor* 
usage. To confirm that mobilization alters the *HA* 
*receptor* distribution and usage by HPCs, samples of BM 
were collected at the peak of G-CSF mobilization in 
parallel with mobilized blood samples. *HA* *receptor* 
distribution of mobilized BM HPCs was closely matched 
with mobilized blood HPCs and different from 
steady-state BM HPCs. Mobilized BM HPCs had lower 
pools of icHA receptors, similar to those of mobilized 
blood HPCs. Treatment of mobilized BM HPCs with 
anti-RHAMM MoAb decreased HA binding, in contrast 
to steady-state BM HPCs. Thus, G-CS? mobilization may 
stimulate an autocrine stimulatory loop for HPCs in which 
HA interacts with basal levels of RHAMM and/or CD44 
to stimulate receptor recycling. Consistent with this, 
treatment of HPCs with azide, nystatin, or cytochalasin B 
increased HA binding, implicating an energy-dependent 
process involving lipid rafts and the cytoskeleton. Of the 
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sorted HPCs, 66% were adherent and 27% were motile on 
f ibronectin plus HA. HPC adherence was inhibited by 
MoAbs to betal integrin and CD44, but not to RHAMM, 
whereas HPC motility was inhibited by MoAb to RHAMM 
and betal integrin, but not to CD44. This finding 
suggests that RHAMM and CD44 play reciprocal roles in 
adhesion and motility by HPCs. The G-CSF-associated 
alterations in RHAMM distribution and the 
RHAMM-dependent motility of HPCs suggest a potential 
role for HA and RHAMM in trafficking of HPCs and the 
possible use of HA as a mobilizing agent in vivo. 
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OBJECTIVE: To determine how in vivo modulation 
of CD44 function by antibodies influences disease 
severity in a murine model of rheumatoid arthritis. 
METHODS: Mice with proteoglycan (PG)-induced 
arthritis were subjected to systemic treatment with 3 
different monoclonal antibodies against CD44. Joint 
swelling and serum levels of hyaluronan (HA) and 
soluble CD44 (sCD44) were monitored. Inflammatory 
leukocyte infiltration in the joints, cell surface CD44 
expression, and leukocyte adhesion to HA were compared. 
The effects of anti-CD44 treatment on the immune 
status of arthritic animals were also determined. 
RESULTS: Antibody IRAWB14, which enhances HA 
binding, aggravated the inflammatory symptoms, while 
KM201, which blocks ligand binding, reduced the 
severity of arthritis. The most effective suppression of 
inflammation was noted upon treatment with antibody 
IM7, whose epitope lies outside the HA binding domain 
of CD44. Serum levels of sCD44 increased, and HA 
levels decreased, in response to IM7. KM201 and IM7 
treatment reduced, but IRAWB14 treatment enhanced, 
the adhesion of leukocytes to HA. However, these 
antibodies had little effect on PG-specif ic immune 
responses. CONCLUSION: Each antibody acted in vivo by 
virtue of its combined effects on CD44-HA binding and 
CD44 shedding. The dramatic reduction in arthritis 



severity effected by IM7 treatment was associated 
with extensive shedding of cell surface CD44 molecules. 
Loss of CD44 appears to be a major factor in 
preventing CD44- and HA-dependent cell-matrix 
interactions at the inflammatory site. Our study 
indicates a critical role for CD44 in the pathology of joint 
inflammation and reveals a unique mechanism of 
receptor down-regulation, which can be used 
therapeutically. 
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John Radcliff Hospital, Headington, Oxford OX3 
9DU, United Kingdom. 
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The extracellular matrix glycosaminoglycan hyaluronan 
(HA) is an abundant component of skin and 
mesenchymal tissues where it facilitates cell migration 
during wound healing, inflammation, and embryonic 
morphogenesis. Both during normal tissue homeostasis and 
particularly after tissue injury, HA is mobilized from 
these sites through lymphatic vessels to the lymph nodes 
where it is degraded before entering the circulation for 
rapid uptake by the liver. Currently, however, the 
identities of HA binding molecules which control this 
pathway are unknown. Here we describe the first such 
molecule, LY VE-1, which we have identified as a major 
receptor for HA on the lymph vessel wall. The deduced 
amino acid sequence of LYVE-1 predicts a 322-residue 
type I integral membrane polypeptide 41% similar to the 
CD44 *HA* *receptor* with a 212-residue extracellular 
domain containing a single Link module the prototypic HA 
binding domain of the Link protein superfamily. Like 
CD44, the LYVE-1 molecule binds both soluble and 
immobilized HA. However, unlike CD44, the LYVE-1 
molecule colocalizes with HA on the luminal face of the 
lymph vessel wall and is completely absent from blood 
vessels. Hence, LYVE-1 is the first lymph-specific *HA* 
*receptor* to be characterized and is a uniquely 
powerful marker for lymph vessels themselves. 
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Uptake of * hyaluronan* in hepatic metastases after 
blocking of liver endothelial cell receptors. 
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To follow the biodistribution of exogenous hyaluronan 
in tumor-bearing animals, a total of seventeen inbred 
rats with hepatic metastases from a colonic 
adenocarcinoma received 1251-labelled hyaluronan by 
intravenous injections. Group I received only labeled 
hyaluronan (25 microg), whereas group II received 2.5 
mg chondroitin sulphate prior to labeled hyaluronan, to 
block receptor uptake in normal liver endothelial cells. 
Animals in group III received intravenous, as well as 
intraperitoneal chondroitin sulphate (2.5 mg), to see if 
a better and prolonged blocking could be achieved. 
Radioactivity was visualized by whole body 
autoradiography, using phosphor imaging and the average 
radioactivity determined as phosphoimaging density units 
of the total area of hepatic metastases, normal liver, and 
skeletal muscle by computer-based image analysis. At 5 h, 
tumors in groups II and III showed higher uptake 
(4.8+/-1.8, P = .01 and 3.6+/-1.1, P = .01, respectively), in 
comparison to group I (1.8+/-0.6), and the mean normal 
liver/tumor concentration ratio was reduced from 
21.4+/-10.1 in group I to 5.7+/-2.7 in group II and 
3.5+/-1.1 in group III (P = .008 and P = .01, respectively). 
Our study shows that hyaluronan targets liver metastases 
of a colon adenocarcinoma. Furthermore, chondroitin 
sulphate pretreatment increases tumor uptake, while 
uptake at normal receptor sites is significantly 
reduced. The results also suggest that after blocking 
of normal hyaluronan/chondroitin sulphate receptors 
in healthy tissue, hyaluronan may be used to deliver 
drugs to specific *hyaluronan* *receptor*-positive sites 
of pathology. 
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We have recently shown that the published cDNA 
sequence encoding the murine cell surface receptor for 
hyaluronan-mediated motility (RHAMM) in fact 
represents a partial sequence of the cDNA encoding a 
new intracellular hyaluronic acid binding protein 
(IHABP). Here we publish the genomic organisation, 
including 700bp sequences of the promoter region, of 
the IHABP gene. The IHABP gene consists of 18 exons 
and spans more than 25kb. Part of the IHABP gene is 
identical with the published data on RHAMM. The IHABP 
gene apparently possesses one promoter region with 
one major transcriptional start point. IHABP is 
ubiquitously expressed at the mRNA and the protein 
level in all murine tissues, suggesting that the function of 
this intracellular hyaluronan binding protein is not 
restricted to migrating cells. 
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Hyaluronan (HA) is a nonsulfated glycosaminoglycan 
that accumulates in the renal interstitium in 
immune-mediated kidney diseases. The functional 
significance of such HA deposition in the kidney has not 
been elucidated. Several studies have suggested that HA 
may exhibit proinflammatory effects. Since chemokines 
such as monocyte chemoattractant protein-1 (MCP-1) play 
an important role in the recruitment of leukocytes in 
renal injury, this study tested whether HA and its 
fragments could promote MCP-1 production by renal 
parenchymal cells. Mouse cortical tubular cells were 
stimulated with fragmented HA or with high molecular 
weight HA (Healon) in vitro and were examined for 
MCP-1 expression. Fragmented HA, but not Healon, 
increased MCP-1 mRNA within 30 min with a peak 
after 2 h. In addition, a 10-fold increase of MCP-1 
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protein in the supernatant was found after a 6-h 
stimulation with fragmented HA. The enhanced MCP-1 
mRNA and protein expression in response to HA was 
dose-dependent between 1 and 100 microg/ml. 
Upregulation of MCP-1 protein production could be 
blocked by preincubation with actinomycin D or 
cycloheximide, suggesting that MCP-1 mRNA and protein 
expression in response to HA are based on de novo 
synthesis. The HA-stimulated MCP-1 production was 
also inhibited with anti-CD44 antibodies, suggesting that 
MCP-1 is upregulated at least in part by signaling through 
CD44. In summary, fragmented HA markedly stimulates 
renal tubular MCP-1 production by mechanisms that 
involve binding to the *HA* Veceptor* CD44. It is 
hypothesized that the accumulation of HA in immune 
renal injury could participate in the recruitment and 
activation of inflammatory cells in vivo through production 
of MCP-1. 
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During human thymic differentiation, interactions 
between f ibronectin (Fn)/betal integrins and 
hyaluronan (HA)/RHAMM control motility and Fn/betal 
integrins mediate spontaneous Fn-dependent adhesion. 
Multinegative (MN, CD3-4-8-) thymocytes exhibit strong 
spontaneous adherence to Fn (75%) that was efficiently 
inhibited by anti-alpha5betal and only weakly inhibited 

by anti-alpha4betal. The relatively weak adherence 
of unf ractionated thymocytes to Fn required both 
alpha4betal and alpha5betal. Video time-lapse 
microscopy indicates that a subset of thymocytes also 
undergo spontaneous Fn-dependent motility mediated 
by alpha5betal, alpha4betal, and the *HA*-*receptor* 
RHAMM, but not by CD44. The loss of motility after 
hyaluronidase treatment of thymocytes indicated that 
motility is strongly dependent on HA. Of motile cells, 
55% were DP, 19% were DN, and 24% were CD4+SP, 
but only 1% were CD8+SP. Overall, for MN thymocytes, 
betal integrin mediated Fn-adhesion, but after 
expression of CD4/CD8, betal integrins mediated 



Fn-dependent motility. Treatment with the activating 
anti-betal mAb QE.2E5 inhibited thymic motility and 
converted otherwise nonadherent thymocytes to an 
adherent state. High-avidity interactions via integrins 
appear to supercede the motogenicity of RHAMM and 
HA, suggesting that integrin avidity may regulate 
RHAMM. During thymic development, changes in 
adhesion or motility appear to be mediated by integrin 
avidity modulation. 
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CD44 is the principle transmembrane receptor for the 
extracellular matrix glycosaminoglycan, hyaluronan. 
This receptor: ligand interaction is required for many 
normal cellular processes including lymphocyte homing 
into inflammatory sites, assembly of a pericellular 
matrix during chondrogenesis, wound healing and tissue 
morphogenesis during development. In order to mediate 
these diverse events, CD44 expressing cells must be able 
to regulate, and respond to, interactions with 
hyaluronan. The mechanisms responsible have been 
subject to scrutiny over the past few years as it has 
become clear that their disruption can underlie the 
progression of both metastatic tumours and chronic 
inflammatory diseases. Here we describe recent data 
identifying discrete regions within the transmembrane 
and cytoplasmic domains of CD44 which regulate this 
important adhesion receptor. 
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The *hyaluronan* *receptor* for hyaluronic 
acid-mediated motility (RHAMM) plays a role in cell 
migration and motility in many systems. Recent 
observations on the involvement of RHAMM in neurtte 
motility in vitro suggest that it might also be important in 
axon outgrowth in situ. This was addressed directly by 
investigating both RHAMM expression in the rat CNS and 
the ability of anti-RHAMM reagents to interfere with 
tissue growth and axon outgrowth in intraocular 
brainstem transplants. By western blotting, anti-RHAMM 
antibody detected a RHAMM isoform of 75,000 mol. wt 
in both whole brain homogenate and synaptosome 
preparations, and a 65,000 mol. wt isoform in 
synaptosomes. Immunofluorescence of adult brain 
sections revealed RHAMM-like immunoreactivity in 
varicose fibers that were also positive for the 
noradrenergic marker dopamine-beta-hydroxylase. Not all 
noradrenergic fibers contained RHAMM, nor was 
RHAMM detected in other monoaminergic fiber types. 
Lesions of noradrenergic fiber systems with 
beta-halobenzylamine-N-(2-chloroethyl)-N-ethyl-2-bromo 
benzylamine (DSP-4) eliminated RHAMM-positive 
fibers, but noradrenergic axons that sprouted 
extensively after this treatment were strongly 
RHAMM-positive. To assess RHAMM's role in fiber 
outgrowth, fetal brainstem tissue containing 
noradrenergic neurons was grafted into the anterior 
chamber of the eye. Treatment of grafts with 
anti-RHAMM antibody caused significant inhibition of 



tissue growth and axon outgrowth, as did a peptide 
corresponding to a hyaluronan binding domain of 
RHAMM. These agents had no such effects on transplants 
containing serotonergic and dopaminergic neurons. These 
results suggest that RHAMM, an extracellular matrix 
receptor previously shown to contribute to migratory 
and contact behavior of cells, may also be important 
in the growth and/or regenerative capacity of 
central noradrenergic fibers originating from the locus 
coeruleus. 
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BACKGROUND/PURPOSE: The midgestation fetus 
heals incisional skin wounds scarlessly, whereas large 
excisional wounds scar. High concentrations of hyaluronan 

(HA) are associated with scar\ess fetal as opposed 
to scar-forming adult wound repair. Because expression 
of the HA receptors, CD44 and RHAMM (Receptor for 
HA-Mediated Motility), has been associated with adult 
wound fibroplasia, the authors postulated that fetal 
excisional wounds would show increased expression of 
CD44 and RHAMM as compared with incisional wounds. 
METHODS: Two models of fetal wound healing were 
examined. Fetal skin from human abortuses was 
heterotransplanted subcutaneously into severe combined 
immunodef icient (SCID) mice. Fourteen days after 
grafting, incisional or 2-mm excisional wounds were 
created (n - 6 per time-point). In addition, incisional 
and excisional (6 to 10 mm) wounds (n - 5 per 
time-point) were created on the backs of 70- to 75-day 
fetal lambs (term, 145 days). Tissue from both models 
was harvested at sequential time-points after injury. 
Wounds were studied histologically for fibroplasia and 
assayed for their HA content. CD44 and RHAMM 
expression were analyzed by immunohistochemistry and 
immunoblotting. RESULTS: As expected, in both 
models, incisional wounds healed scarlessly, whereas 
excisional wounds showed fibroplasia. Incisional 
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wounds of fetal lambs maintained a significantly higher 
HA content than excisional wounds 3 days after injury. 
Between 1 and 7 days in either human or sheep fetal 
wounds, immunostaining for CD44 and RHAMM markedly 
increased along the margins of excisional wounds as 
compared with incisional wounds and unwounded skin. 
Immunoblot analysis confirmed this increased *HA* 
*receptor* expression in both models. CONCLUSIONS: 
*HA* * receptor* expression increased in both human 
and sheep fetal excisional wounds and correlated with 
fibroplasia and a reduced HA content. The authors 
speculate that strategies to limit the expression or 
function of HA receptors during postnatal wound repair 
may modify the development of scar. 
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BACKGROUND: In vitro experimentation found that 
wounded midgestation fetal mouse hearts heal 
scarlessly. Scarless repair occurs in an environment 
enriched in hyaluronic acid (HA), while in the absence of 
HA and the inclusion of hyaluronidase (HAdase), repair 
by scarring occurs. Excess HA downregulates the 
expression of the specific *HA* *receptor* , RHAMM 
(receptor for HA-mediated motility). The expression of 
RHAMM and the migration of cardiac cells from fetal 
heart explants were investigated in the presence of 
excess HA and added HAdase. METHOD: Hearts from 
Gestational Day 15 fetal mice (term - 20) were cut 
into four fragments, established as explant cultures, 
and assigned to one of three treatment groups: 400 
micrograms/ml HA, 50 U/ml HAdase, or saline. Cellular 
outgrow was recorded at Day 7. The character of 
the migrating cells (f ibroblast-like or myocardiocyte) 
was determined by immunostaining for filamentous actin 
(f-actin, microfilaments) or desmin (intermediate 
filaments). The expression of RHAMM was 
documented also. RESULTS: The inclusions of HA 
stimulated cell migration and proliferation, perpetuated 
cells as immature myocardiocytes, and blocked the 



expression of RHAMM. The inclusion of HAdase limited 
cell migration and proliferation, promoted the 
differentiation of cells into myocardiocytes, and 
increased the number of cells expressing RHAMM. 
CONCLUSION: Increased concentrations of HA 
promoted the proliferation and migration of an 
immature population of myocardiocytes. On the other 
hand the inclusion of HAdase inhibits the migration and 
proliferation of cells and promotes the appearance of 
myocardiocytes with a f ibroblast-like morphology. The 
speculation is that excess HA may promote 
proliferation and migration of immature 
myocardiocytes into a heart defect, leading to 
replacement of lost myocardium with contractile tissue 
rather than dysfunctional scar. 
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One of the critical events in tumor growth and 
metastasis is the interaction between tumor cells and 
host tissue stroma, mediated by different adhesion 
receptor repertoires in different tumor cell types. 
Several lines of evidence indicate that interaction 
between the *hyaluronan* *receptor* CD44, expressed 
on tumor cells, and host tissue stromal hyaluronan can 
enhance growth and invasiveness of certain tumors. 
Disruption of CD44-hyaluronan interaction by soluble 
recombinant CD44 has been shown to inhibit tumor 
formation by lymphoma and melanoma cells transf ected 
with CD44. Since hyaluronan is a ubiquitous 
glycosaminoglycan polymer from which oligosaccharides 
of defined size can be readily purified, we tested the 
ability of hyaluronan oligomers to inhibit tumor 
formation by subcutaneously (s.c.) injected B16F10 
melanoma cells. Our results indicate that hyaluronan 
oligomers injected at concentrations as low as 1 
mg/ml can markedly inhibit B16F10 melanoma growth, 
providing a potentially attractive reagent for the control 
of local tumor development. 
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ERM (ezrin, radixin and moesin) proteins function as 
linkers between the actin cytoskeleton and the plasma 
membrane. In addition to this structural role, these 
proteins are highly regulatable making them ideal 
candidates to mediate important physiological events 
such as adhesion and membrane morphology and to 
control formation and breakdown of 
membrane-cytoskeletal junctions. Recently, a direct 
interaction in vitro has been demonstrated between ERM 
proteins and the *hyaluronan* *receptor*, CD44. We have 
mapped the ezrin-binding site to two clusters of basic 
amino acids in a membrane-proximal 9 amino-acid region 
within the CD44 cytoplasmic domain. To investigate the 
functional importance of this interaction in vivo, we 
created a number of mutations within full-length CD44 
and expressed these mutants in human melanoma cells. 
We demonstrate here that mutations within the 
ezrin-binding site do not disrupt the plasma membrane 
localization of CD44 and, in addition, that this region 
is not required to mediate efficient hyaluronan binding. 
These studies suggest that ERM proteins mediate the 
outside-in, rather than inside-out, signalling of adhesion 
receptors. 
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The receptor for hyaluronan mediated motility 
(RHAMM) has been reported to mediate migration, 
transformation, and metastatic spread of murine 
fibroblasts. Here we describe the expression of two 
human RHAMM isoforms, which are generated by 
alternative splicing of the primary gene transcript, by a 
series of human breast carcinoma cell lines. A polyclonal 
antibody, raised against a bacterially expressed 
RHAMM fusion protein, detected an 85-90 kDa protein 
by western blot analysis. No correlation between the 
level of RHAMM mRNA and protein expression with 
known metastatic/malignant potential of the tumour cell 
lines was observed. Interestingly, we found that the 
antibody did not stain the cell surface but the 
cytoplasm of breast CQncer cells. The intracellular 
localisation of RHAMM was confirmed by subcellular 
fractionation studies. RHAMM proteins were capable 
of binding to hyaluronan, but not to heparin or 
chondroitin sulphate, in an vitro binding assay. We 
also provide evidence that a potential 
hyaluronan-binding motif in the N terminus of the 
protein is not involved in the interaction of RHAMM 
with hyaluronan. Our findings lead us to conclude that 
RHAMM does not function as a conventional motility 
receptor for HA in human breast cancer cells and we 
suggest the term RHAMM be substituted by 'intracellular 
hyaluronic acid binding protein' (IHABP). 
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We have identified two RHAMM (receptor for 
hyaluronan-mediated motility) isoforms that encode an 
alternatively spliced exon 4 (Hall, C. L, Yang, B., Yang, 
X., Zhang, 5., Turley, M., Samuel, S., Lange, L. A., Wang, 
C, Curpen, G. D., Savani, R. C, Greenberg, A. H., and 
Turley, E. A. (1995) Cell 82, 19-26 and Wang, C, 
Entwistle, J., Hou, G., Li, Q., and Turley, E. A. (1996) 
Gene 174, 299-306). One of these, RHAMM variant 4 
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(RHAMMv4), is transforming when overexpressed and 
regulates Ras signaling (Hall et al.). Here we note using 
flow cytometry and confocal analysis that RHAMM 
isoforms encoding exon 4 occur both on the cell 
surface and in the cytoplasm. Epitope-tagging 
experiments indicate that RHAMMv4 occurs only in 
the cytoplasm. Several observations suggest that both 
cell surface RHAMM isoforms and RHAMMv4 are 
involved in regulating extracellular-regulated kinase (ERK) 
activity. Affinity-purified anti-RHAMM exon 4 antibodies 
biock the ability of platelet-derived growth factor to 
activate ERK, and these reagents modify the protein 
tyrosine phosphorylation profile of proteins resulting 
from treatment with platelet-derived growth factor. A 
dominant negative form of RHAMMv4 inhibits mutant 
active Ras activation of ERK and coimmunoprecipitates 
with both mitogen-activated protein kinase kinase and 
ERK, suggesting that the intracellular RHAMMv4 acts 
downstream of Ras, possibly at the level of 
mitogen-activated protein kinase kinase-ERK 
interactions. Consistent with this, overexpression 
of RHAMMv4 const itutively activates ERK. These 
results identify a novel mechanism for the regulation of 
the Ras-ERK signaling pathway and suggest that RHAMM 
plays multiple roles in this regulation. 



response to HA binding by TEC. METHODS: RT-PCR 
analysis, flow cytometry, confocal microscopy and 
Western blotting were used to examine cell surface 
and soluble CD44 expression by cultured TEC, using 
SV40-transformed mouse cortical tubular (MCT) cells. 
HA binding characteristics were examined by flow 
cytometry and effects of HA on TEC cell growth by 
[3H]thymidine incorporation. RESULTS: By RT-PCR 
analysis MCT cells expressed predominantly the 
standard form of CD44 mRNA, whereas the expression 
of variant forms was very weak. Confocal microscopy 
showed that CD44 was expressed basolaterally and 
apically on MCT cells with strong staining on microvilli. 
Shedding of CD44 from MCT cells could be induced 
with crosslinking of anti-CD44 mAbs or with PMA 
stimulation. MCT cells constitutively bound HA and this 
binding could be modulated with anti-CD44 mAbs. Soluble 
and plate-bound HA markedly inhibited MCT cell 
growth. CONCLUSIONS: CD44 is a regulated *HA* 
*receptor* on MCT cells which can be shed into the 
cellular environment. Upon binding of HA, CD44 
functions as a growth inhibitory cell surface protein in 
MCT cells. We speculate that the interaction of CD44 
with HA may have important regulatory effects on 
cell proliferation in tubulointerstitial renal diseases. 
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BACKGROUND: CD44 is the main receptor for 
the extracellular polysaccharide hyaluronan (HA). We 
have recently shown that CD44 is strongly induced on 
renal tubular epithelial cells (TEC) in autoimmune renal 
injury and that HA accumulates in the renal interstitium 
(Kidney Int 1996; 50: 156-163 and Nephrol Dial 
Transplant 1997; 12: 1344-1353). The functional 
significance of enhanced tubular CD44 expression and 
its interaction with HA are not known. The purpose of 
the present study was to characterize renal tubular 
CD44 expression and CD44-mediated HA binding in vitro 
and to investigate the growth modulating effects in 
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We used immunogold staining and stereology to examine 
the ultrastructural localization and to estimate the 
relative content of CD44 in different strata and cell 
types of normal human epidermis. We found that CD44 
existed almost exclusively on the plasma membranes; only 
rare labeling occurred on vesicular structures within the 
cytoplasm. Quantitation of the immunogold particles 
indicated that the labeling density of melanocytes 
corresponded to that of basal keratinocytes, and 
Langerhans cells displayed a labeling density of 
approximately 10% that of the surrounding spinous cells. 
Among keratinocyte strata, the highest labeling 



09/842930 Dialog 



8/6/02 



Page 17 



density occurred on spinous cells, suggesting 
upregulation of CD44 after detachment from the 
basement membrane. The plasma membrane distribution 
of CD44 was compartmentalized, with little signal on 
cell-cell and cell-substratum contact sites such as 
desmosomes, the plasma membrane domain facing the 
basement membrane, and the close apposition of 
terminally differentiating granular cells. In contrast, 
CD44 was abundant on plasma membrane domains 
facing an open intercellular space, rich in hyaluronan. This 
distribution is in line with a roie of CD44 as a 
*hyaluronan* *receptor*, important in the maintenance 
of the intercellular space for nutritional and cell motility 
functions in stratified epithelia. 
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BACKGROUND: The hyaluronan (*HA*) *receptor* 
CD44 is upregulated on parenchymal cells in various 
inflammatory lesions and could play a role in immune 
injury. The purpose of the present study was to examine 
CD44 and its ligands HA and osteopontin (Opn) in 
a murine model of tubulointerstitial nephritis (TIN). 
METHODS: The expression of CD44 was investigated by 
immunofluorescence staining and RNA analysis in kidneys 
of kdkd mice with autoimmune TIN. The CD44 expression 
was then correlated with the location of its ligands HA 
and Opn. RESULTS: CD44 is expressed de novo by 
tubular epithelial cells (TEC) in areas of tubular injury 
in kdkd kidneys, but not in normal control kidneys. CD44 
positive lymphocytes and macrophages also infiltrate 
the kidney to kdkd mice. RT-PCR and Southern blot 
analysis demonstrate that transcripts encoding standard 
and variant forms of CD44 are increased in kdkd mice 
with TIN. In parallel the CD44 ligand HA also 
accumulates in kdkd kidneys in the interstitial space, 
particularly in cortical areas of tubular injury. 
Furthermore, the expression of the chemotactic 
protein Open is enhanced in kdkd kidney, predominantly 
in areas of tubular injury. Opn mRNA expression also 



increases markedly in kdkd kidneys compared with 
normal kidneys, and correlates with disease severity. 
CONCLUSIONS: Prominent CD44 expression by TEC in 
areas of tubulointerstitial lesions is a characteristic 
feature of kdkd mice. The de novo appearance of 
CD44 on injured TEC might allow interaction with the 
ligands HA and Opn in vivo. Interaction of CD44 with 
these ligands could participate in the tubulointerstitial 
inflammatory response in kdkd mice. 
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The results of serial determinations of serum 
hyaluronan indicate a prognostic value in progressive liver 
damage. In primary biliary cirrhosis and in cirrhotic 
alcoholic liver diseases serum hyaluronan level 
discriminates between early and advanced disease. In 
alcoholic liver disease serum hyaluronan can be applied 
as assessment of haemodynamic changes. Serum 
hyaluronan is of use as a non-invasive index of liver 
fibrosis in chronic viral hepatitis. A reversible 
defect in the *hyaluronan* *receptor* of the hepatic 
endothelial cells was suggested following studies on 
paracetamol- induced acute liver damage. In liver 
transplantation, graft function can be predicted by 
determination of the venous effluent of hyaluronan. 
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During pregnancy, hyaluronic acid (HA) concentration in 
the human cervix is very low, but increases rapidly at 
the onset of labour. HA has a high affinity for water 
molecules and hence can maintain tissue hydration. HA can 
stimulate collagenase production in rabbit cervix, and also 
stimulates migration and function of polymorphonuclear 
leukocytes in the tissues. It is an endogenous regulator of 
interieukin-i (IL-i). We hypothesized that HA plays an 
essential role during cervical ripening. The effect of 
exogenous application of HA (20 mg) on non-pregnant 
and pregnant (day 23) rabbit cervices was compared 
with controls. HA induced cervical ripening in both 
pregnant and non-pregnant animals, and cervical 
water content was significantly increased. Tissue 
collagen was markedly decreased. The localization and 
distribution of HA and *HA* *receptor* CD44 was 
determined in non-pregnant and pregnant human 
cervical connective tissue using biotinylated HA binding 
protein and CD44 monoclonal antibodies. Both were 
widely distributed in the connective tissues, especially 
around the blood vessels and cervical glands. The effect 
of IL-8 (50, 100, 150 and 200 ng/ml) on HA production 
and hyaluronidase (HAase) activity was investigated in 
cultures of lower uterine segment collected during 
elective Caesarean sections. HA production was 
stimulated in a dose-dependent manner; there was no 
effect on hyaluronidase activity. HA administration (0.5, 
1 and 2 mg/ml) stimulated the activities of collagenase 
and gelatinase together with IL-8 production in the 
culture supernatants. Thus HA may play an important 
role in cervical ripening, being involved in the regulation 
of cervical tissue water content, collagenolytic enzymes 
and cytokines. 
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Avian influenza virus strains representing most 
hemagglutinin (HA) subtypes were compared with 
human influenza A (H1N1,H3N2) and B virus isolates, 
including those with no history of passaging in 
embryonated hen's eggs, for their ability to bind free 
N-acety I neuraminic acid (Neu5 Ac) and 
sialyloligosaccharides in a competitive binding assay 
and to attach to gangliosides in a solid-phase 
adsorption assay. The avian viruses, irrespective of 
their HA subtype, showed a higher affinity for 
sialyl-3-lactose and the other Neu5Ac2-3Gal-terminated 
oligosaccharides and a lower affinity for sialyl-6-lactose 
than for free NeuSAc, indicative of specific interactions 
between the HA and the 3-linked Gal and poor 
accommodation of 6-linked Gal in the avian 
receptor-binding site (RBS). Human HI and H3 strains, by 
contrast, were unable to bind to 3-linked Gal, interacting 

instead with the asialic portion of 
sialyl-6-(N-acetyllactosamine). Different parts of this 
moiety were recognized by H3 and HI subtype viruses 
(Gal and GlcNAc, respectively). Comparison of the HA 
amino acid sequences revealed that residues in 
positions. 138, 190, 194, 225, 226, and 228 are conserved 
in the avian RBS, while the human HAs harbor 
substitutions at these positions. A characteristic 
feature of avian viruses was their binding to 
Neu5Ac2-3Gal-containing gangliosides. This property 
of avian precursor viruses was preserved in early 
human H3 isolates, but was gradually lost with further 
circulation of the H3 HA in humans. Consequently, later 
human H3 isolates, as well as HI and type B human strains, 
were unable to bind to short Neu5Ac2-3Gal-terminated 
gangliosides, an incompatibility that correlated with 
higher glycosylation of the HA globular head of human 
viruses. Our results suggest that the RBS is highly 
conserved among HA subtypes of avian influenza virus, 
while that of human viruses displays distinctive genotypic 
and phenotypic variability. 
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Invasion is a clinically important problem contributing to 
mortality and morbidity in patients with gliomas, but the 
mechanism(s) by which glioma cells invade surrounding 
brain structures is poorly understood. Various 
experimental models have been used in attempts to 
elucidate the process of glioma invasion. An in vitro 
model which is increasingly being employed involves 
measurement of the rate of invasion of tumour cells 
through Matrigel-a complex mixture of extracellular 
matrix components derived from the 
Engeibroth-Hoim-Swarm (EHS) sarcoma. This model 
has been used to examine the possibility that 
extracellular hyaluronan (HA) might facilitate the 
invasive behaviour of human glioma cells. The major 
component of Matrigel is laminin, with smaller amounts of 
collagen IV, heparan sulphate proteoglycans, entactin, 
and nidogen but it lacks HA. In our experiments, we have 
incorporated HA into Matrigel and have measured its 
effect on the rate of invasion of human glioma cells in a 
modified Boyden chamber assay system. The 
incorporation of HA (50-800 mg/cm2) resulted in a 
dose-dependent increase in invasion. Invasion was 
enhanced by up to 70 per cent in comparison with 
HA-free Matrigel. Since CD44 is a major *HA* 
*receptor* expressed on gliomas, it might have a 
role in the HA-mediated facilitation of invasion. This was 
tested by blocking CD44 with specific antibody, which 
resulted in a 43 per cent reduction in invasion rate. We 
conclude that in an in vitro model system, HA enhances 
invasion of glioma cells and that the mechanism involves a 
CD44-HA interaction. 



is an oligomer. Whether one or both subunits 
participate in HA binding, was not determined. Here we 
investigate the HA-subunit interactions and the potential 
oligomeric nature of the LEC *HA* *receptor* . When 
Sephacryl-400 gel filtration chromatography was used to 
enrich the *HA* *receptor*, the 175 kDa polypeptide was 
the major band seen by SDS-PAGE analysis. Little 
staining was seen at 166 kDa, suggesting that the 175 
kDa protein could be separated from the 166 kDa protein 
and still retain HA-binding activity. A ligand blot assay 
was used to determine if each individual subunit could 
bind HA. LEC proteins were separated by nonreducing 
SDS-PAGE, and then immobilized onto nitrocellulose. 
125I-HA bound to a 175 kDa polypeptide but not to the 
166 kDa protein. A high molecular weight band of 
approximately 300,000 also bound 125I-HA. 125I-HA 
binding to the 175 and 300 kDa proteins showed the same 
specificity of competition with a panel of carbohydrates 
as the bona fide LEC *HA* *receptor* . The 175 kDa 
HA-binding subunit may be nonglobular (asymmetric), 
since its apparent size by SDS-PAGE is dependent on the 
polyacrylamide gel pore size; M(r) increases as porosity 
decreases. LECs were crosslinked to an 1251-labeled 
photoaff inity HA derivative and the HA saccharides 
were then released with hyaluronidase. After SDS-PAGE 
without reduction, radiolabeled bands were seen at 175 
and 166 kDa (3:1 ratio), and a high MW (approximately 
300,000) species was also detected. These data support 
an oligomeric model of the LEC *HA* *receptor*, and 
show that the 175 kDa protein possesses HA-binding 
activity independent from the 166 kDa polypeptide. 
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The rat liver sinusoidal endothelial cell (LEC) 
hyaluronan (*HA*) Veceptor* was previously 
identified using a photoaff inity HA derivative (J. Biol. 
Chem., 267, 20451-20456, 1992). Two polypeptides with 
M(r) = 175,000 and 166,000, were consistently 
crosslinked, suggesting that the LEC *HA* *receptor* 
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CD44 represents a heterogeneous group of surface 
glycoproteins, involved in cell-cell and cell-matrix 
interactions. CD44 is the major receptor for hyaluronate 
(HA), a component of cell matrices, and most of CD44 
known functions are attributed to its ability to 
recognize HA. We have recently shown that although a 
majority of human neuroblastomas (NBs), a childhood 
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cancer, express high levels of CD44H, high stages 
and tumors with amplification of the NMYC 
proto-oncogene fail to express CD44. Lack of CD44 
expression is strongly associated with the presence of 
NMYC amplification and has been further shown to 
represent a new feature for predicting risk of disease 
progression and dissemination. In the present study, we 
have investigated the role of CD44 expressed by NB cell 
lines and the possible relationship among the presence 
of NMYC amplification, functional expression of CD44 
receptor, and tumorigenic properties of NB cells. A 
panel of cell lines with variable NMYC amplification 
and/or overexpression, as well as clonal and stable 
NMYC-transfected NB cells, were analyzed for CD44 
expression and ability to bind HA. Our results 
confirmed previous observations that in NB cell lines 
lack of CD44 is not always related to the presence of 
NMYC amplification, with a number of cell lines or 
transfectants with both CD44 expression and NMYC 
amplification. However, the ability of the CD44 
receptor to bind immobilized hyaluronan was restricted 
to CD44H+ cell lines without NMYC amplification (SH-EP 
and ACN). The HA-binding function was CD44 
dependent and could be specifically blocked by an 
anti-CD44 antibody. No induction of functional HA binding 
was obtained with NMYC-amplif ied cell lines or NMYC 
transfectants, despite an induced increase of CD44 
expression upon differentiation or after tentative 
activation of the receptor with phorbol esters. 
Inhibition of N-linked glycosylation with tunicamycin 
resulted in decreased HA binding of cells bearing an 
active CD44 receptor. We conclude that NMYC-amplif ied 
NB cell lines either do not express CD44 at all or 
express a nonfunctional receptor, whereas nonamplif ied 
cells constitutively express an active receptor. The lack 
of functional HA binding in NB cells might be partly due 
to incomplete N-glycosylation. The involvement of NMYC 
in the regulation of N-linked glycosylation can be 
suspected. 
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Fibroblasts transformed by Fos oncogenes display 
increased expression of a number of genes implicated 
in tumor cell invasion and metastasis. In contrast to 
normal 208F rat fibroblasts, Fos-transformed 208F 
fibroblasts are growth factor independent for invasion. 
We demonstrate that invasion of v-Fos- or epidermal 
growth factor (EGF)-transf ormed cells requires AP-1 
activity. v-Fos-transformed cell invasion is inhibited by 
c-jun antisense oligonucleotides and by expression of a 
c-jun dominant negative mutant, TAM-67. EGF-induced 
invasion is inhibited by both c-fos and c-jun antisense 
oligonucleotides. CD44s, the standard form of a 
transmembrane receptor for hyaluronan, is implicated in 
tumor cell invasion and metastasis. We demonstrate 
that increased expression of CD44 in Fos- and 
EGF-transformed cells is dependent upon AP-1. CD44 
antisense oligonucleotides reduce expression of CD44 in 
v-Fos- or EGF-transformed cells and inhibit invasion but 
not migration. Expression of a fusion protein between 
human CD44s and Aequorea victoria green fluorescent 
protein (GFP) in 208F cells complements the inhibition 
of invasion by the rat-specific CD44 antisense 
oligonucleotide. We further show that both v-Fos and 
EGF transformations result in a concentration of 
endogenous CD44 or exogenous CD44-GFP at the ends of 
pseudopodial cell extensions. These results support the 
hypothesis that one role of AP-1 in transformation is 
to activate a multigenic invasion program. 
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Hyaluronan (HA) is a glycosaminoglycan constituent 
of extracellular matrix. In its native form HA exists as 
a high molecular weight polymer, but during inflammation 
lower molecular weight fragments accumulate. We have 
identified a collection of inflammatory genes induced in 
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macrophages by HA fragments but not by high molecular 
weight HA. These include several members of the 
chemokine gene family: macrophage inflammatory 
protein-lalpha, macrophage inflammatory protein-lbeta, 
cytokine responsive gene-2, monocyte chemoattractant 
protein-1, and regulated on activation, normal T cell 
expressed and secreted. HA fragments as small as 
hexamers are capable of inducing expression of these 
genes in a mouse alveolar macrophage cell line, and 
monoclonal antibody to the *HA* *receptor* CD44 
completely blocks binding of f iuorescein-iabeied HA to 
these cells and significantly inhibits HA-induced gene 
expression. We also investigated the ability of HA 
fragments to induce chemokine gene expression in 
human alveolar macrophages from patients with 
idiopathic pulmonary fibrosis and found that 
inter leukin-8 mRNA is markedly induced. These data 
support the hypothesis that HA fragments generated 
during inflammation induce the expression of macrophage 
genes which are important in the development and 
maintenance of the inflammatory response. 
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Evidence is presented, based on immu no blotting, 
immunohistochemistry and double immunolabelling 
procedures, for the existence of *hyaluronan* 
*receptor* immunoreactivity in discrete nerve cell 
populations of the rat brain, present within the zona 
compacta and the zona reticulata of the substantia nigra, 
the ventral tegmental area the locus coeruleus, the 
mesencephalic trigeminal nucleus, the nucleus of the 
trapezoid body, the motor trigeminal nucleus and the 
lateral cerebellar nucleus. With preimmune serum 
control, this *hyaluronan* *receptor* immunoreactivity 
could not be demonstrated. Double immunofluorescence 
immunocytochemistry, using a well-characterized 
*hyaluronan* *receptor* antiserum, together with the 
tyrosine hydroxylase antiserum, in the presence or 
absence of detergent, demonstrated the existence of 
*hyaluronan* *receptor* immunoreactivity in dopamine 
nerve cells of the substantia nigra and the ventral 
tegmental area and in noradrenaline nerve cells of the 



locus coeruleus, previously shown not to stain for 
hyaluronan. In all the nerve cells, the immunoreactivity 
had the appearance of punctate bodies mainly located in 
the cytoplasm of the perikarya of the above nerve 
cell populations as also shown by conf ocal laser 
microscopy in the mesencephalic trigeminal nucleus. 
Based on these observations, it is concluded that 
hyaluronan receptors exist in discrete nerve cell 
populations of the brain, including many noradrenaline and 
dopamine neurones. In all nerve cells, it is located 
intracellular^ in bodies possibly representing 
clustered hyaluronan receptors undergoing endocytosis. 
The results open up the possibility that hyaluronan 
receptors may reduce high concentrations of hyaluronic 
acid in the surrounding matrix, thereby facilitating 
communication between adjacent neurones. 
Intracytoplasmatic hyaluronic acid may also be of special 
importance for neuronal plasticity, in view of the ability 
of hyaluronic acid to activate protein kinase activity 
and/or by influencing the architecture of the 
cytoskeleton. 
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The chondrocyte pericellular matrix is an essential 
zone for cartilage matrix assembly and turnover. Electron 
micrographs of native endogenous and 
composition-defined exogenous pericellular matrices, 
both preserved via ruthenium hexaminetrichloride 
fixation procedures, depict strikingly similar networks 
of hyaluronan and proteoglycan extending out from the 
cell surface. Biochemical and morphological analyses of 
matrix regrowth show that monoclonal antibodies 
directed against the *hyaluronan* * receptor* CD44 
blocked chondrocyte pericellular matrix assembly. 
Immunoperoxidase electron microscopy was used to 
display regular repeating spacing patterns of 
hyaluronan/proteoglycan assembly at the cell surface. 
These patterns compared well with the ultrastructural 
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immunolocalizotion of CD44 at the cell surface. All 
of these data suggest that the *hyaluronan* 
*receptor* CD44 retains and participates in the 
assembly of the chondrocyte pericellular matrix. 
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In this report, the role of 34 kDa HA-binding 
protein in hyaluronic acid-induced cellular signalling in 
lymphocytes has been examined. The binding of 
125I-HA to lymphocytes in vivo was found to be 
inhibited by pre-incubation of the cells with anti-34 kDa 
HA-binding protein antibodies, thus confirming 34 kDa 
HA-binding protein as the specific *HA*- *receptor* 
in lymphocytes. This observation was substantiated by 
anti-34 kDa HA-binding protein antibodies immunoblotting 
and 125I-HA ligand blotting of lymphocytes cell lysate. 
The HA-induced cell aggregation, tyrosine 
phosphorylation and cytoskeletal protein 
phosphorylation demonstrate the HA-induced early 
cellular signalling events in lymphocytes. Further, to 
study the involvement of 34 kDa HA-binding protein in 
mitogen induced lymphocyte signalling, we studied in 
vivo phosphorylation and secondary messenger 
formation. The enhanced 34 kDa HA-binding protein 
phosphorylation by HA and the inhibition of cellular 
aggregation and IP3 formation by anti-HA-binding 
protein antibodies revealed that 34 kDa HA-binding 
protein is one of the potential mediators in HA-induced 
signal transduction. 
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Histochemical stainings of frozen sections of human 
normal and psoriatic skin were used to study the 
localization of hyaluronan (HA) and intercellular 
adhesion molecule 1 (ICAM-1). HA staining was found in 
all areas of the skin, with the exception of the 
stratum corneum, in both normal and psoriatic cases 
without any apparent quantitative differences between 
the conditions. The staining for ICAM-1 was detected in 
vessels in normal skin and at lower levels in normal 
areas of the skin in patients with psoriasis. However, in 
these patients the staining increased to about the same 
level as in normal skin after hyaluronidase treatment of 
the sections prior to staining. In psoriatic lesions, 
distinct staining for ICAM-1 was localized mainly to 
vessels and infiltrating leukocytes. Treatment of the 
sections with hyaluronidase increased the staining of 
vessels only slightly, but more strongly around 
leukocytes. These findings show that ICAM-1 is 
predominantly free from bound HA on vessel endothelium 
in psoriasis lesions but not on vessels in normal areas of 
the skin, and suggests that systematically administered 
HA, previously shown to reduce chronic inflammation in 
animal models, might have a beneficial effect in psoriasis 
via blocking of endothelial ICAM-1 and thereby causing a 
reduced invasion of leukocytes into the skin. 
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Atherosclerosis is a progressive condition that is 
initiated by endothelial injury, promoted by growth 
factors, and which results in the formation of 
fibrofatty plaques that narrow the affected blood 
vessel. Balloon angioplasty is used to dilate these 
plaques in the coronary circulation so as to prevent 
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occlusion of this critical blood supply. However, 30-50% 
of balloon dilatations end in restenosis within six months 
of the procedure. The pathogenesis of both 
atherosclerosis and restenosis after balloon angioplasty 
involves the migration of medial smooth-muscle cells 
across the internal elastic lamina to form a neointima. 
Proliferation of these cells and their elaboration of an 
extracellular matrix results in stenosis of the affected 
area. Investigation of several animal models, as well as 
of the human condition, indicates the presence of an 
ongoing inflammatory reaction involving T cells and other 
leukocytes which probably maintain smooth-muscle cell 
migration, proliferation and matrix deposition. We have 
shown that the stenotic response involves the 
expression of HA (hyaluronan) receptors on both the 
infiltrating white cells and on smooth-muscle cell 
populations. Thus, in vitro, the locomotion and 
chemotaxis of these cells in response to injury is 
inhibited by reagents that block *HA*-*receptor* 
interactions including HA-binding peptides and high 
doses of HA. Further, the expression of these HA 
receptors is up-regulated after balloon-catheter injury 
of the rat carotid artery, and exposure of injured 
arteries to high concentrations of HA in vivo results in 
significant inhibition of neointimal formation. The 
possible clinical benefits of this response are discussed. 
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Hyaluronan (HA) is a ubiquitous component of the 
extracellular matrix (ECM) and occurs transiently in both 
the cell nucleus and cytoplasm. It has been shown to 
promote cell motility, adhesion, and proliferation and thus 
it has an important role in such processes as 
morphogenesis, wound repair, inflammation, and 
metastasis. These processes require massive cell 
movement and tissue reorganization and are always 
accompanied by elevated levels of HA. Many of the 
effects of HA are mediated through cell surface 
receptors, three of which have been molecularly 
characterized, namely CD44, RHAMM, and ICAM-1. 
Binding of the HA ligand to its receptors triggers 
signal transduction events which, in concert with 



other ECM and cytoskeletal components, can direct 
cell trafficking during physiological and pathological 
events. The HA mediated signals are transmitted, at 
least in part, by the activation of protein 
phosphorylation cascades, cytokine release, and the 
stimulation of cell cycle proteins. A variety of 
extracellular signals regulate the expression of both HA 
and the receptors necessitating that *HA*-*receptor* 
signalling is a tightly controlled process. Regulated 
production of soluble forms of the receptors, alternately 
spliced cell surf ace isoforms, and glycosylation variants 
of these receptors can dramatically modulate HA 
binding, ligand specificity, and stimulation of the 
signalling pathway. When these processes are 
deregulated cell behaviour becomes uncontrolled leading 
to developmental abnormalities, abnormal physiological 
responses, and tumorigenesis. The elucidation of the 
molecular mechanisms regulating HA-mediated events will 
not only contribute greatly to our understanding of a 
variety of disease processes but will also offer many new 
avenues of therapeutic intervention. 
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In this study we have found that endothelial cells from 
different origins all contain a CD44-related 
transmembrane glycoprotein, named GP116. Using a bovine 
aortic endothelial cell line and a standard pulse-chase 
protocol, we show that GP116 is synthesized as a 52-kDa 
nascent polypeptide precursor (p52) which is processed 
to GP116 as follows, p52 --> p63/65 --> p82 --> plOO --> 
GP116. GP116 contains approximately 8 N- and 
approximately 11 O-linked oligosaccharide chains (but 
lacks glycosaminoglycans) and interacts directly with 
the cytoskeletal protein, ankyrin, both in vitro (Kd 
approximately 1.2 nM) and in vivo. The results of GP116 
amino acid composition, reverse 

transcriptase-polymerase chain reaction, Southern blot, 
Northern blot, cloning, and sequence analyses 
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indicate that endothelial cells express this new CD44 
variant that contains an exon having significant homology 
with human CD44 exon 14 (exl4/vlO). GP116, designated 
as CD44 (exl4/vl0), has been shown to be a major 
hyaluronic acid (*HA*) *receptor* (Kd approximately 
0.5-0.8 nM) responsible for cell adhesion. Most 
importantly, we have found that the interaction between 
CD44(exl4/vlO) and HA or a small fragment of HA 
(10-15 disaccharide units) induces a mitogenic response 
in endothelial cells. These findings suggest that this 
CD44 variant plays an important role in regulating 
endothelial cell proliferation. 
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Hyaluronan is a constituent of the extracellular 
matrix of connective tissue and is actively synthesized 
during wound healing and tissue repair to provide a 
framework for ingrowth of blood vessels and 
fibroblasts. Changes in the serum concentration of 
hyaluronan are associated with inflammatory and 
degenerative arthropathies such as rheumatoid arthritis. 
In addition, hyaluronan has been implicated as an 
important substrate for migration of adhesion of 
leukocytes during inflammation. A human hyaluronan 
synthase (HuHASl) cDNA was isolated by a functional 
expression cloning approach. Transfection of CHO cells 
conferred hyaluronidase-sensitive adhesiveness of a 
mucosal T cell line via the lymphocyte *hyaluronan* 
*receptor* , CD44, as well as increased hyaluronan 
levels in the cultures of transfected cells. The 
HuHASl amino acid sequence shows considerable 
homology to the hasA gene product of Streptococcus 
pyogenes, a glycosaminoglycan synthetase from Xenopus 
laevis (DG42), and is the human homolog of a recently 
described murine hyaluronan synthase. 
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CD44 has been described as a cell surface *hyaluronan* 
*receptor* present on a variety of different cells, and it 
is generally assumed to be prevalent in most connective 
tissues that contain hyaluronan. A major aim of this 
study was to test that presumption by localizing 
CD44 and hyaluronan within several tissues of the 
proximal tibia of the growing rat. Comparison of these 
profiles would reveal whether CD44 and hyaluronan 
co-localize with high fidelity, as would be expected if 
CD44 were a major hyaluronan binding protein. Using 

in situ hybridization and immunohistochemistry, 
CD44 was identified on osteoclasts, chondroclasts, 
osteocytes, hematopoietic marrow cells, synovial cells, 
and connective tissue fibroblasts (ligaments, tendons, 
and fascia). Although the majority of osteocytes 
expressed CD44, reduced expression was observed 
for osteoblasts and ostcoprogenitor cells. Additionally. 
CD44 was not detected on chondrocytes from 
epiphyseal and metaphyseal growth cartilages or in 
meniscal f ibrocartilage. Using biotinylated Gl domain 
from aggrecan and link protein, hyaluronan was observed 
in the maturational and hypertrophic zones of all 
growth cartilages, the synovium and other fibroblastic 
connective tissues, regional areas of the periosteum and 
endosteum (around osteoblasts, osteoprogenitor cells, 
and osteoclasts), osteocyte lacunae, and surrounding 
blood vessels. In regions of co-localization for CD44 and 
hyaluronan, it seems that CD44 is a likely hyaluronan 
binding protein in several tissues of the proximal tibia. 
However, it does not appear to be the predominant 
hyaluronan binding protein in growing cartilages of the 
weanling rat. 
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Changes in hyaluronan (HA) concentration and 
stainability were investigated in the rabbit cornea 
after wounds made by exposure to n-heptanol. The 
HA concentration in the cornea increased gradually until 
day 14 after wounding, and then decreased. The HA 
concentration returned to the normal level 56 days 
after wounding. In the normal control cornea, HA staining 
was observed in the epithelium and stroma. The 
intensity of HA staining in the epithelium and stroma 
increased until day 3 after wounding, when the epithelium 
had completely covered the defect. At day 28, when the 
thickness of the corneal epithelium returned to the 
normal level, the intensity of HA staining in the 
epithelium also decreased. However, staining in the 
stroma was still strong. HA staining in the stroma 
decreased by day 56 after wounding. In parallel 
experiments, the immunostaining for CD44, an *HA* 
* receptor*, and f ibronectin (FN) was carried out in the 
same model. The immunostaining in the epithelium of both 
CD44 and FN was synchronistic with the HA staining 
during the early stages after wounding. These events 
suggest that HA, CD44 and FN cooperatively play 
important roles in corneal epithelial wound healing. 
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The receptor for hyaluronan mediated motility 
(RHAMM) gene expression is markedly elevated in 
fibrosarcomas exposed to transforming growth 
factor-betal (TGF-betal). The half-life of RHAMM 
mRNA was increased by 3 fold in cells treated with 
TGF-betal, indicating that growth factor regulation of 



RHAMM gene expression at least in part involves a 
posttranscripttonal mechanism. Our studies 
demonstrated that a unique 30-nucleotide (nt) region 
that has three copies of the sequence, GCUUGC, was the 
TGF-betal-responsive region in the 3' -untranslated 
region (3'-UTR) that mediated message stability. This 
region interacted specifically with cytoplasmic 
trans-factors to form multiple protein complexes 
of approximately 175, 97, 63, 26, and 17 kDa 
post-TGF-betal treatment, suggesting a role for these 
complexes in the mechanism of action of 
TGF-betal- induced message stabilization. Insertion of 
the 3'-UTR into the chloramphenicol acetyltransf erase 
gene conferred TGF-betal induced stability of 
chloramphenicol acetyltransferase-hybrid RNA in 
stably transfected cells, while the same insert carrying a 
deletion containing the 30-nt region had no significant 
effect on mRNA stability. These results provide a model 
of RHAMM message regulation in which 
TGF-betal-mediated alteration of RHAMM message 
stability involves the up-regulation of multiple protein 
interactions with a 30-nt cis-element stability 
determinant in the 3'-UTR. This model also suggests 
that this 30-nt base region functions in cis to destabilize 
RHAMM mRNA in resting normal cells. 
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Cell adhesion to and migration through extracellular 
matrices (ECM) are critical events in tumor invasion and 
metastasis. Previous work by us had demonstrated that 
signaling of epidermal growth factor receptor (EGFR) 
confers an oncogenic phenotype on NR6 cells and that 
these cells when transfected with holo EGFR 
demonstrate greater motility and invasiveness than cells 
carrying a carboxy-terminal truncated EGFR. Recently, a 
cell surface glycoprotein, CD44, has been implicated 
in cell-ECM adhesion involved in tumor cell migration, 
signal transduction, and metastasis. We investigated 
whether EGF regulates cellular interactions with 
ECM components, and in particular, hyaluronate, by 
modulating CD44 expression. In vitro cell attachment 
assays on hyaluronate-coated plates demonstrated similar 
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basal level of binding (approximately 33%) for murine 
NR6 parental cells devoid of endogenous EGFR (P) or 
expressing wild-type EGFR (WT), while a time-dependent 
\r\crease in binding was observed in WT cells 
stimulated with EGF. Additionally, utilizing monoclonal 
antibody blocking assays, CD44, but not EGFR, was 
shown to be directly involved in this attachment. Both 
WT and P cells possessed equivalent 95 kDa bands on 
immunoblots, corresponding to CD44. The existence of 
CD44 mRNA was verified by RT-PCR using synthetic 
oligonucleotides in which a 1.1 kb cDNA was detected in 
both cell lines and confirmed by DNA sequencing. After 
24-h exposure to exogenous EGF, an increase in CD44 
protein and mRNA expression was found in WT cells, but 
not in P cells, supporting the contention that a functional 
EGFR signaling pathway is required for CD44 regulation. 
Thus, EGF stimulates cell binding to hyaluronate in 
vitro by regulating CD44 expression. 

7/3,AB/57 (Item 57 from file: 155) 
DIALOG(R)File 155:MEDLINE(R) 

08901938 96261667 PMID: 8666924 

Soluble *hyaluronan* *receptor* RHAAAM induces 
mitotic arrest by suppressing Cdc2 and cyclin Bl 
expression. 

Mohapatra S; Yang X; Wright J A; Turley E A; 
Greenberg A H Manitoba Institute of Cell Biology, 
University of Manitoba, Winnipeg, Canada. 

Journal of experimental medicine (UNITED STATES) 
Apr 1 1996, 183 (4) pl663-8, ISSN 0022-1007 
Journal Code: 2985109R 

Document type: Journal Article 

Languages: ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

The hyaluronan (*HA*) *receptor* RHAMM is an 
important regulator of cell growth. Overexpression of 
RHAMM is transforming and is required for H-ras 
transformation. The molecular mechanism underlying 
growth control by RHAMM and other extracellular 
matrix receptors remains largely unknown. We report 
that soluble RHAMM induces S2/M arrest by suppressing 
the expression of Cdc2/Cyclin Bl, a protein kinase 
complex essential for mitosis. Down-regulation of 
RHAMM by use of dominant negative mutants or antisense 
of mRNA also decreases Cdc2 protein levels. Suppression 
of Cdc2 occurs as a result of an increased rate of cdc2 
mRNA degradation. Moreover, tumor cells treated with 
soluble RHAMM are unable to form lung metastases. 
Thus, we show that mitosis is directly linked to RHAMM 
through control of Cdc2 and Cyclin Bl expression. 
Failure to sustain levels of Cdc2 and Cyclin Bl proteins 
leads to cell cycle arrest. 
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Hepatic stellate cells (HSC) and endothelial cells of the 
liver sinusoids synthesize and degrade hyaluronan, 
respectively. The roles of these cell types in the 
biosynthesis and degradation of hyaluronan were studied 
during regeneration following partial hepatectomy. Pure 
cultures of HSC and liver endothelial cells (LEC) were 
obtained from regenerating liver at different stages 
using a Nycodenz gradient followed by discontinuous 
Percoll gradient. The HSC that established 3 or 4 days 
after partial hepatectomy synthesized large amounts of 
hyaluronan when cultured in the presence of fetal calf 
serum (FCS) or platelet-derived growth factor B-chain 
homodimer (PDGF)-BB. These cells, as well as LEC, 
expressed active PDGF beta-receptors. Furthermore, 
the ability of LEC to degrade hyaluronan was decreased 
at early stages of liver regeneration. The increased 
synthesis of hyaluronan by HSC and the failure of LEC 
to catabolize the polysaccharide resulted in elevated 
hyaluronan concentrations in the blood. 
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The mouse ovarian ascites tumor, MOT, and mammary 
ascites tumor, TA3/5t, served as models to follow 
changes in hyaluronan levels during tumor growth, 
attachment, and invasion. Subsequent to introduction of 
tumor cells into the peritoneal cavity, hyaluronan 
accumulated intraperitoneal^ and at the initial sites of 
attachment of tumor cells and cell clumps to the 
mesenteric surface; the latter co-localized with sites of 
fibrin deposition as reported earlier. Subsequently, high 
levels of hyaluronan accumulated throughout the interior 
of the mesentery. Because neither tumor ceii line 
synthesized substantial amounts of hyaluronan in 
culture, the large accumulations observed in the 
mesenteries and ascites fluid of tumor-bearing 
animals most likely resulted from increased synthesis 
and secretion by peritoneal- lining mesothelial cells 
and/or fibroblasts in response to stimulation by the 
tumor cells or their products. TA3/St tumor cells were 
universally positive for the *hyaluronan* *receptor*, 
CD44, whereas approximately 90% of MOT tumor cells 
were CD44-negative. However, the great majority of 
MOT or TA3/St cells that initially attached to the 
mesentery were strongly CD44 positive. We propose 
that hyaluronan-rich matrix is involved in tumor cell 
attachment to the mesentery possibly via interaction 
with tumor cell surface CD44. 
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CD44 is a transmembrane glycoprotein known to bind 
hyaluronic acid (HA) in its extracellular domain and to 
contain at least one ankyr in- binding site in its 
cytoplasmic domain. In this study we have examined 
CD44 expression in a mouse fibroblast cell line 
transfected with the pl85(neu) oncogene cDNA. The 
results of RT-PCR and Southern blot analyses reveal that 
CD44s (CD44 standard form) transcript is 
expressed in both pl85(neu)-transfected cells and 
untransfected cells. Using surface iodination, 
anti-CD44 immunoprecipitation and immuno-binding 



assays, we have found that the number of CD44s 
molecules expressed on the surface of 
pl85(neu)-transfected cells are at least 4.5-fold 
higher than those detected on untransfected cells. 
Overexpression of surface CD44s in 
pl85(neu)-transfected cells results in a dramatic 
enhancement of HA-mediated cell adhesion. Scatchard 
plot analysis indicates that CD44s in pl85(neu) 
transfected cells binds directly and specifically to 
ankyr in. The binding affinity between CD44s and ankyr in 
in pl85(neu)-transfected cells approximately 0.19 nM) 
appears to be somewhat higher than that found in the 
untransfected cells (K(p) approximately 0.30 nM). Double 
immunofluorescence staining and conf ocal microscopic 
analyses indicate that HA induces the *HA* *receptor* 
(i.e. CD44s) to form adhesion plaque-like structures, 
and causes an accumulation of intracellular ankyr in 
directly underneath *HA* *receptor* (CD44s)-adhesion 
plaque- 1 ike structures in pl85(neu)-transfected cells 
(but not in untransfected cells). These findings suggest 
that overexpression of CD44s and up-regulation of 
CD44s-ankyrin interaction by pl85(neu) oncogene may 
be one of the pre-requisite steps in regulating tumor 
cell behavior. 
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Immunohistochemical studies of the hyaluronan 
(*HA*)-*receptor* (R), originally found on liver 
endothelial cells (LEC) and related to the intercellular 
adhesion molecule 1 (ICAM-1), showed that polyclonal 
antibodies against HARLEC (*HA* *receptor* on LEC) 
also stain structures in mouse mastocytomas, mainly 
vessels. To test if intravenously administered HA might 
target the tumour receptors in vivo, mice carrying an 
inoculated mastocytoma in one hind leg muscle were 
injected in the tail vein with 1251-tyrosine (T)-labelled 
HA and killed 75 mi n after injection when organs and 
tissues were checked for radioactivity. When doses 
exceeding the binding capacity of the liver were 
injected, a significant increase in radioactivity (up to 
five-fold) within the tumour tissue was found. The weight 
adjusted difference between control and tumour tissue 
was greater for smaller tumours, probably due to 
necrosis in the larger. HA-staining of tumours from 
animals receiving 125I-T-HA, showed HA in areas that 
also stained weakly for ICAM-1 using monoclonal 
antibodies. ICAM-1 staining was dramatically increased 
after hyaluronidase treatment of the sections, indicating 
that the HA is bound to these receptors and thereby 
blocks antibody recognition. 

7/3,AB/63 (Item 63 from file: 155) 
DIALOG(R)File 155:MEDLINE(R) 

08767427 96114079 PMID: 8846023 

Induction of a *hyaluronan* *receptor*, CD44, during 
embryonal carcinoma and embryonic stem cell 
differentiation, 

Wheatley S C; Isacke C M 

Department of Biology, Imperial College for Science, 
Technology and Medicine, London, England. 

Cell adhesion and communication (SWITZERLAND) 
Aug 1995, 3 (3) p217-30, ISSN 1061-5385 Journal 
Code: 9417027 

Document type: Journal Article 

Languages: ENGLISH 

Main Citation Owner: NLM 

Record type: Completed 

This paper describes the expression profile of the 
CD44 glycoprotein during differentiation of embryonal 
carcinoma (EC) and embryonic stem (ES) cells. We have 
recently shown that CD44 is expressed in discrete 
embryonic structures and, in view of this, we sought an 
in vitro differentiation model of development in which we 
could study more readily the structure and function of 
the CD44 molecule. The P19 EC and CGR8 ES cells were 
chosen as they have the capacity to develop down the 
cardiac muscle pathway and we have previously 



demonstrated that CD44 is expressed abundantly in 
the embryonic myocardium. The differentiation process 
in both cell types is accompanied by an induction of 
CD44 mRNA and protein. However, in differentiated 
cultures CD44 is not expressed in contractile cells, 
indicating that these P19 cells do not represent 
CD44-positive embryonic cardiomyocytes. Expression of 
CD44 is observed on f ibroblast-like cells which appear 
to migrate over and out from the plated aggregates. 
Hyaluronan, the major ligand for CD44, is also 
associated with these CD44-positive f ibroblast-like 
cells. It is suggested that expression of both receptor 
and ligand by the fibroblast cells is required for 
celhmatrix adhesion and cell motility. As CD44 is 
up-regulated in these cultures, P19 cells are now 
established as a useful model system to study the factors 
regulating expression of the CD44 gene. 
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Hyaluronic acid (HA), an important component of the 
tissue extracellular matrix, is a ubiquitous 
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glycosaminoglycan (GAG) that forms a pericellular coat on 
the surface of cells. It has been speculated that this 
pericellular HA boundary may localize cytokines, such as 
transforming growth factor-beta 1, which is known to 
stimulate collagen production. The purpose of this study 
was to examine the role of HA and its cell surface 
receptor (CD44), an active participant in HA 
degradation, as they relate to keloid formation. 
Dermal excisions from both normal patients (n = 13) and 
keloid patients (n = 13) were analyzed for HA 
content using an alcian blue staining technique. 
Fibroblast cell cultures were used to quantitate HA 
synthesis and CD44 receptor density. Histological 
analyses showed a greater HA content in keloid tissue 
compared with normal dermal tissue. In agreement 
with this observation, keloid fibroblasts were found 
to synthesize significantly more HA than normal dermal 
fibroblasts (2469 +/- 483 cpm versus 1122 +/- 256 cpm, 
P = .02). Treatment of keloid fibroblasts with 
triamcinolone acetonide reduced the level of HA 
synthesis to that of normal fibroblasts (1560 +/- 477 
cpm versus 1293 +/- 264 cpm, P - .6). However, there 
was no significant difference in *HA* *receptor* 
density on keloid cells compared with normal skin 
fibroblasts. Therefore, the increased HA deposits 
found in keloids are attributable to increased synthesis 
rather than to decreased degradation mediated by 
the CD44 receptor. 
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The mechanisms underlying the invasive properties of 
gliomas, the major form of intrinsic brain tumours in 
humans, are poorly understood. We have reported that 
CD44 plays an important role in this behaviour in vitro. In 
the present work, we investigated the role of its ligand, 
hyaluronic acid (HA), in invasion in 8 human glioma cell 
lines. We found that HA mediates cell detachment via its 
interaction with its high affinity receptor, CD44H. Using 
8 microns porosity polycarbonate filter transwells, we 



demonstrate that HA strongly stimulates migration in all 
8 cell lines. This effect was found to be partially 
counteracted by a CD44H monoclonal antibody (MAb), 
suggesting the involvement of CD44H, as well as other HA 
receptors, in this process. Furthermore, incorporation of 
increasing concentrations of HA in Matrigel in an in vitro 
invasion assay resulted in a substantial increase in the 
invasive propensity of the glioma cell lines. Moreover, 
blocking experiments with the CD44H MAb suggest 
that CD44H and other receptors interact with HA to 
promote cell invasion in vitro. Our results show that HA 
induces cell detachment, stimulates migration and 
promotes invasion via its interaction with CD44H and 
other HA receptors in vitro. These effects could be 
prevented by use of specific *HA* *receptor* antibodies. 
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We describe the isolation and characterization of 
the murine gene encoding RHAMM, a *hyaluronan* 
*receptor* which regulates focal adhesion turnover, is 
required for cell locomotion and is a critical 
downstream regulator of ras transformation. The 
RHAMM gene spans at least 20 kb and comprises 14 
exons ranging in size from 75 to 1099 bp. Primer 
extension studies indicate that the major transcription 
start point is in position -31, relative to the start Met. 
Northern blot analysis of mouse fibroblast RNA 
identified two hybridizing species of 4.2 and 1.7 kb. 
Comparison of cDNA clones and RT-PCR products with 
the genomic clones identified alternately spliced exons 
in both the coding and 5' noncoding regions of RHAMM. 
In the coding region exon 4 is alternately spliced. The 
major RHAMM transcript (RHAMM1) in 3T3 fibroblasts 
does not contain exon 4 and encodes a protein of 70 
kDa. A minor transcript containing exon 4, namely 
RHAMM v4, encodes a 73-kDa protein, as 
demonstrated by isoform-specif ic antibodies. Western 
analysis demonstrated both a major 70-kDa (RHAMM 1) 
and minor 73-kDa RHAMM protein (v4) in 3T3 murine 
fibroblast cell lysates. The functional significance of 
these two isoforms is currently being investigated. 
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CD44 is a glycosylated adhesion molecule which may 
undergo alternative splicing of 10 possible exons to 
generate variant isof orms. A number of CD44 variant 
isof orms expressed by tumor cells have been correlated 
with metastatic and proliferative behavior. In this study, 
we have characterized CD44 isoform expression on 
three prostate cancer cell lines: ALVA-31, PPC-1, and 
LNCaP. Using reverse transcriptase-polymerase chain 
reaction, we have found that ALVA-31 and PPC-1 cells 
express multiple CD44 isoforms, including CD44s 
(standard form), CD44E (epithelial form), and an exon 
14-containing form. In addition, two smaller forms have 
been detected: one using an alternative donor splice 
site within exon 5, and a novel form omitting exon 5 
entirely. The CD44 isoforms expressed by ALVA-31 and 
PPC-1 cells appear to be preferentially located on the cell 
surface. By contrast, LNCaP cells do not express any 
of the CD44 forms at the RNA or protein level. Both 
PPC-1 and ALVA-31 cells display tumorigenesis and 
invasiveness in nude mice, whereas LNCap cells exhibit 
a less malignant phenotype, suggesting a correlation 
between CD44 variant (CD44v) expression and 
aggressive prostate tumor behavior. Functional 
characterization reveals that CD44 mediates prostate 
cell adhesion to extracellular hyaluronic acid (HA). In 
addition, the CD44 cytoplasmic domain binds 
specifically to ankyrin, a membrane cytoskeletal 
protein. Double immunofluorescence labeling and 
confocal microscopic analyses indicate that HA binding 
induces the *HA* *receptor* (i.e., CD44) to form 
capped structures. Importantly, intracellular ankyrin is 
preferentially accumulated underneath *HA* * receptor* 
-capped structures. These results suggest that 
cytoskeletal proteins such as ankyrin are closely 
associated with CD44-mediated signaling events 
induced by HA. Finally, HA-mediated transmembrane 
interactions between CD44 isoforms and cytoskeletal 
proteins (i.e. ankyrin) may play a pivotal role in 



regulating tumor cell behavior during human prostate 
cancer development. 
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We investigated the production of hyaluronan and 
the presence of hyaluronan receptors in a panel of 
human lung carcinoma cell lines, consisting of small cell 
carcinomas (SCLC) and non-small cell carcinomas 
(non-SCLC). These transformed cell lines produced only 
minute amounts of hyaluronan, whereas normal lung 
fibroblasts synthesized high amounts. CD44 molecules 
(an integral membrane glycoprotein suggested 
previously to function as a *hyaluronan* *receptor* ) 
were differentially expressed on non-SCLC cell lines 
but essentially not on the SCLC cell lines. In contrast, 
RHAMM molecules (receptor for hyaluronan-mediated 
motility) were preferentially expressed on SCLC cells. 
Although all the lung tumor cell lines expressed various 
amounts of CD44 and RHAMM, only the SCLC line 
U-1752 could bind [3H]hyaluronan. The binding sites 
were saturated with about 19,700 hyaluronan molecules 
(Mr 1.4 x 10(6)) bound per cell with a Kd of 0.16 x 10(-9) 
M. CD44 molecules were responsible for the binding 
activity since Hermes-1 antibodies that block the 
binding of hyaluronan to CD44 blocked the binding of 
[3H]hyaluronan to U-1752 cells. 4-Phorbol 12-myristate 
13-acetate (PMA) treatment of U-1752 cells both 
increased the hyaluronan-binding activity in U-1752 
cells as well as induced abrogation of cell-cell and 
cell-matrix interactions. Addition of hyaluronan inhibited 
the PMA-induced disassembly of the cells. The fact that 
CD44 molecules are able to bind [3H]hyaluronan only on 
the SCLC line U-1752 but not on other lung carcinoma 
cell lines may be of value as a marker for squamous cell 
carcinoma differentiation. Furthermore, the inhibitory 
effect of hyaluronan on the PMA-promoted cell 
disassembly suggest that hyaluronan surrounding 
squamous cell carcinoma cells may affect their migration 
and invasiveness. 
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CD44 is a major cell surface receptor for the 
extracellular matrix glycosaminoglycan hyaluronan (HA). 
However, the ability of CD44 to bind ligand is strictly 
regulated. Three activation states of CD44 have been 
demonstrated: (a) inactive; (b) inducible (by certain 
CD44-specif ic mAb); and (c) constitutively active. 
Starting with two parental cell lines expressing CD44 
in the inactive state, a pre-B cell (RAW 253) and a 
fibroblast (L cells), we used fluorescence-activated 
cell sorting with f luorescein-conjugated hyaluronan in the 
presence of inducing mAb to derive variant cell lines with 
CD44 in the inducible state. Constitutively active 
derivatives were isolated from the inducible variants by a 
further round of fluorescence-activated cell sorting in 
the absence of inducing antibody. However, constitutively 
active variants could not be isolated directly from 
parental cells expressing CD44 in the inactive state. 
These results suggest that two genetic events must 
occur to obtain an active CD44-*HA* * receptor* from 
an inactive receptor. Variant and parental cell-derived 
CD44 molecules exhibited differences in migration on 
sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis that were partly attributable to 
differences in N-linked glycosylation. Furthermore, 
culture in tunicamycin for 2-3 d converted parental and 
inducible cell lines into cells showing constitutive 
CD44-mediated HA binding. Also, removal of cell 
surface glycosaminoglycan chains by culture of cells 

in p-nitrophenyl beta-D-xylopyranoside or treatment 
with chondroitinase ABC resulted in conversion of cells 
with an inactive CD44 receptor to an inducible state. 
These results indicate that carbohydrate side chains of 
CD44 and/or other molecules on the cell surface that 
interact with CD44 are potentially involved in regulating 
the HA-binding function of CD44 on the cell surface. 
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CD44 is an adhesion receptor for which the major 
characterized ligand is the extracellular matrix 
glycosaminoglycan, hyaluronan. This interaction underlies 
CD44-mediated cell attachment, cell migration, and 
matrix remodelling during development and wound 
healing. Truncation of the CD44 cytoplasmic domain does 
not prevent cell surface expression of this 
*hyaluronan* * receptor* but it dramatically impairs ligand 
binding. In this study we have examined the role of 
phosphorylation in regulating this function by mutating 
the target serine residues to either neutral amino acids 
with the aim of creating a 
phosphorylation-incompetent molecule, or to acidic 
residues to mimic a fully phosphorylated CD44. In 
transfected AKR1 cells the behavior of both the neutral 
and acidic mutants was indistinguishable from wild-type 
CD44, indicating that there is a 
phosphorylation-independent mechanism involved in 
regulating hyaluronan binding. 
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Overexpression of the RHAMM gene by transfection 
into fibroblasts is transforming and causes 
spontaneous metastases in the lung. 
H-ras-transformed fibrosarcomas transfected with a 
dominant suppressor mutant of RHAMM exhibit a 
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so-called rcvertant phenotype and are completely 
nontumorigenic and nonmetastatic. Conversely, fibroblasts 
stably expressing low levels of RHAMM as a result of 
antisense transfection are resistant to ras 
transformation. Collectively, these results indicate that 
RHAMM acts downstream of ras. The loss of functional 
RHAMM ablates signaling within focal adhesions, in 
particular changes in focal adhesion kinase 
phosphorylation, and as a result these focal adhesions 
are unable to turn over in response to hyaluronan. 
These results provide evidence of the oncogenic 
potential of a novel extracellular matrix receptor and 
establish a functional link between transformation by ras 
and signaling within focal adhesions that are required for 
transformation by this oncogene. 
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The cell-surface receptor for hyaluronic acid, CD44, is 
expressed by both normal and malignant cells. 
Numerous CD44 isoforms have recently been identified 
that are derived by alternative ribonucleic acid splicing. 
The expression of some CD44 isoforms has been shown 
to be involved in tumor progression and metastatic 
spread in a rat carcinoma model and in human carcinomas. 
In the present study, CD44 isoform expression was 
evaluated by reverse transcriptase-polymerase chain 
reaction (PCR) analysis in frozen sections derived from 
three samples of normal brain tissue and from 40 brain 
tumors, including samples of glioblastoma multiforme, 
anaplastic astrocytoma, low-grade astrocytoma, 
cerebral primitive neuroectodermal tumor, 
medulloblastoma, metastatic colon carcinoma, and 
metastatic melanoma. Normal brain tissue adjacent to 
the tumors was also examined in 14 of 18 glioblastomas. 
In all normal brain and tumor samples, with the exception 
of metastases from colon carcinoma, PCR analysis 
demonstrated one prominent product that corresponded 
to the CD44H hematopoietic form of CD44. Metastases 



from colon carcinoma demonstrated two prominent 
PCR amplification products corresponding to CD44H 
and CD44R1. These results suggest that CD44H is the 
predominant isoform of this protein in normal human 
brain tissue and in human neuroectodermal tumors of 
varying degrees of malignancy. The ability of CD44H 
to mediate tumor cell motility and invasiveness (in 
contrast to CD44R1) suggests that the CD44 alternative 
splicing pattern of neuroectoderm-derived tumors may 
enhance their local biological aggressiveness and 
intracerebral spread. The lack of expression of larger 
molecular weight CD44 variants by primary brain tumors 
may also partially explain why these tumors rarely 
metastasize to distant sites. 
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The migration of smooth muscle cells is a critical 
event in the pathogenesis of vascular diseases. We 
have investigated the role of hyaluronan (HA) and the 
*hyaluronan* *receptor* RHAMM in the migration of 
adult bovine aortic smooth muscle cells (BASMC). 
Cultured BASMC migrated from the leading edge of a 
single scratch wound with increased velocity between 1 
and 24 h. Polyclonal anti-RHAMM antisera that block HA 
binding with this receptor abolished smooth muscle cell 
migration following injury. HA stimulated the random 
locomotion of BASMC and its association with the cell 
monolayer increased following wounding injury. 
Immunoblot analysis of wounded monolayers 
demonstrated a novel RHAMM protein isoform that 
appeared within one hour after injury. At the time of 
increased cell motility after wounding, FACS analysis 
demonstrated an increase in the membrane localization 
in approximately 25% of the cell population. Confocal 
microscopy of injured monolayers confirmed that 
membrane expression of this receptor was limited to 
cells at the wound edge. Collectively, these data 
demonstrate that RHAMM is necessary for the migration 
of smooth muscle cells and that expression and 
distribution of this receptor is tightly regulated following 
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wounding of BASMC monolayers. 
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We have previously reported that the hyaluronan (*HA*) 
Veceptor* RHAMM (Receptor for HA Mediated 
Motility) [Turley et al., 1991] contains two HA binding 
motifs located within a 35 amino acid region of its 
C-terminus end [Yang et al., 1993] and that HA 
stimulation of the motility of ras-transformed 
fibroblasts is mediated via its interaction with RHAMM. 
Here we show that RHAMM also contains binding sites 
for heparin (HP) and that interaction of HP with these 
sites can regulate the locomotion of ras-transformed 
fibroblasts. At low concentrations (0.01 mg/ml), HP 
inhibited HA-induced locomotion of ras-transformed 
cells in a manner independent of RHAMM. At higher, 
but still physiological concentrations (0.1 mg/ml), HP 
alone stimulated cell locomotion and this stimulation 
appeared to be RHAMM-dependent as it was blocked by 
anti-RHAMM antibodies. Other related 
glycosaminoglycans such as chondroitin sulfate and 
dermatin sulfate had no effect on cell motility. In 
ligand blotting assays, GST-RHAMM fusion protein was 
shown to bind biotin-labelled HP and this binding was 
displaceable with unlabelled HP. In similar ligand binding 
analyses conducted with truncations of RHAMM fusion 
protein, the HP binding region was found to be localized in 
the same 35 amino acid segment of RHAMM that 
contains the two HA binding domains. Synthetic peptides 
corresponding to these HA binding domains were 
retained on and bound effectively to an HP-Sepharose 
affinity column. Fusion proteins generated by linkage of 
these peptides to the non-HP binding amino terminus of 
RHAMM conferred HP binding capacity to the 
genetically engineered proteins. Conversely, deletion of 
the HA binding domains of RHAMM resulted in fusion 
proteins devoid of HP binding activity. The relative 
affinities of RHAMM for HA and HP, as determined by 
competition and transblot assays as well as quantification 
of binding at various salt concentrations, indicated 



that RHAMM had lower affinity for HP than that for 
HA. These results demonstrate the existence of a new HP 
binding motif that has biological relevance to cell 
locomotion. 
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RHAMM (Receptor for Hyaluronic Acid Mediated 
Motility) has been identified as a receptor for the 
extracellular matrix component hyaluronan (HA) and was 
recently shown to be essential for the locomotion of 
normal and transformed peripheral cells. Until now the 
potential role of RHAMM in the motility of 
neural-derived cells has not been investigated. Here, we 
report that cultured primary astrocytes, astrocyte 
cell lines, and microglia express this receptor and 
exhibit RHAMM-dependent motility. Immunocytochemical 
localization of RHAMM showed that it was often present 
as aggregates at the periphery of cells in contact with 
one another or concentrated on protruding processes 
of isolated cells. Glial cells contained 50 and 72 kDa 
forms of RHAMM, and both of these forms were found to 
have HA binding capacity. Time lapse imaging of cell 
locomotion revealed a significant inhibition of motility and 
process elongation by neutralizing anti-RHAMM 
antibodies and by peptides corresponding to the HA 
binding domains of RHAMM. These results demonstrate 
that RHAMM serves a role in glial cell locomotion in vitro 
and provide the basis for investigations of the motile 
behavior of glial cells in vivo after CNS injury. 
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demonstrated in primary neurons and neuronal cell lines. 
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Department of Physiology, University of Manitoba, 
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The recently cloned and characterized 
hyaluronan (*HA*) *receptor* RHAMM (receptor for 
HA-mediated motility) has been shown to play a critical 
role in mechanisms underlying the motile capacity of a 
variety of peripheral cell types. Similarities in molecular 
processes that govern cell locomotion and growth cone 
migration prompted us to investigate whether RHAMM 
also contributes to neurite migration in vitro. In 
immunohistochemical studies of PC12 cells, 
NG108-15 cells and a neuroblastoma/spinal cord 
neuronal hybrid cell line (NSC-34 cells) as well as rat and 
human primary neurons, a punctiform RHAMM labeling 
pattern was detected in cell bodies, along processes, and 
at growth cones. By Western blot analysis, the cells lines 
expressed major RHAMM forms with apparent MW of 60, 
75, and 116 kba. Treatment of NG108-15 cells with 
dibutyryl-cAMP led to a clear increase in immunolabeling 
for RHAMM and enhanced expression of the 60 and 75 
kDa forms. A polyclonal anti-RHAMM antibody that 
interferes with HA/RHAMM interaction significantly 
reduced neurite migration of each cell type examined, 
while another directed against a RHAMM repeat sequence 
thought to promote RHAMM receptor aggregation 
significantly stimulated neurite migration of NSC-34 and 
rat primary neurons. Different monoclonal anti-RHAMM 
antibodies had differential inhibitory actions on 
neurite movement. Low concentrations (ng/ml) of a 
peptide corresponding to an HA binding domain within 
RHAMM inhibited neurite migration. These results are 
the first to implicate RHAMM in the mediation of 
neurite motility and migration and to point to the 
potential importance of HA in this process. 
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RHAMM, a receptor for *hyaluronan*-mediated motility, 
on normal human lymphocytes, thymocytes and malignant 
B cells: a mediator in B cell malignancy? 
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RHAMM (Receptor for HA Mediated Motility) is a 
novel *HA* *receptor* that has been linked to 
regulating cell locomotion and density dependent contact 



inhibition of fibroblasts, smooth muscle cells, 
macrophages, lymphocytes, astrocytes and sperm. The 
ubiquitous expression of RHAMM suggests the existence 
of multiple isof orms, and indeed, RHAMM is found in 
various cellular compartments, namely nuclear, 
cytosolic, membrane-bound and extracellular. In this 
review, we emphasize the evolving role of RHAMM in B 
cell malignancies, and examine the function of RHAMM in 
T cell development in the thymic microenvironment. 
Both the motile behaviour of progenitor thymocytes 
(CD3-CD4-CD8-) and malignant B cells from multiple 
myeloma (MM), plasma cell leukemia, and hairy cell 
leukemia was blocked by monoclonal antibodies to 
RHAMM, suggesting that motility may correlate with 
increased expression of RHAMM at the cell surface. 
Interestingly, the soluble form of RHAMM is able to 
inhibit fibroblast locomotion, and it is likely that a 
balance between expression of both forms determines, 
in part the motility of cells. RHAMM appears to play a 
fundamental role in the immune system and the ability of 
RHAMM to function as a motility receptor is likely to be 
due to complex variables including the extent to which 
soluble RHAMM is secreted. RHAMM expression 
characterizes circulating monoclonal B cells as 
abnormal, potentially invasive and/or metastatic 
components of myeloma and may underlie the malignant 
behavior of these cells. 
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Our laboratory has previously characterized and 
purified the *hyaluronan* *receptor* by hyaluronan 
affinity chromatography of rat liver endothelial cells. 
We have now isolated the receptor from whole rat liver 
and have obtained sufficient quantities for amino acid 
sequence analysis. Four peptides of various lengths 
were obtained from affinity-purified receptor and 
found to have identity with rat intercellular adhesion 
molecule-1. This glycoprotein is normally expressed in low 
amounts on the endothelial cells, but is up-regulated in 
inflamed and malignant tissues, and mediates cell-cell 
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adhesion as a ligand for lymphocyte function-associated 
antigen-1 and the macrophage-associated Mac-1. The 
affinity of intercellular adhesion molecule-1 for 
hyaluronan is likely to have important implications for 
cell adhesion in normal and in disease states such as 
inflammation, atherosclerosis, and cancer. 
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function in human peripheral blood monocytes and alveolar 
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CD44 glycoproteins are present on the surfaces of 
many hematopoietic cells and in some cases can bind 
hyaluronan, a major component of the extracellular 
matrix. In the present study, we have found that 
newly explanted human peripheral blood monocytes 
(PBMs) exhibit a major CD44 band of 85 kDa, whereas 
autologous alveolar macrophages (AM phi) express 
multiple isoforms ranging from 85 to 200 kDa. Within 4 
h in culture, PBMs began expressing new CD44 isoforms 
of 120, 150, and 180 kDa. Newly explanted AM phi 
specifically bound [3H]hyaluronan (135 cpm/microgram 
protein), but newly explanted PBMs did not. However, in 
vitro cultured PBM progressively acquired the ability to 
bind [3H]hyaluronan and exhibited specific binding of 
hyaluronan similar to that of AM phi (113 cpm/microgram 
protein) after 4 days in culture. In both case, the 
binding of [3H]hyaluronan was specifically inhibited by 
the addition of monoclonal antibody directed against 
CD44. AM phi readily degraded [3H]hyaluronan and 
reached a plateau after 4 days in culture (115 
cpm/microgram protein). Newly explanted PBM exhibit 
no hyaluronan degradation and only a small degradative 
activity after 4 days in culture (6 to 11 
cpm/microgram protein). Thus, CD44 expression and 
function appear to change as PBM mature in vitro 
resembling more that found in AM phi. 
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probing hyaluronate-receptor interactions. 
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Hyaluronic acid (HA) is a linear polysaccharide 
composed of repeating disaccharide units of D-glucuronic 
acid (GlcUA) and N-acetyl-D-glucosamine (GlcNAc). 
Hyaluronate plays an important role in many biological 
processes as mediated by its interactions with a number 
of HA-binding proteins (the "hyaladherins") and with 
the cell surface *HA*-*receptor*, CD44. Studies of 
hyaluronate-hyaladherin interactions would be 
greatly facilitated by the availability of molecular 
probes derived from HA. We recently reported a 
convenient chemical modification of hyaluronate that 
introduces multiple pendant amine functionalities onto 
the HA carboxylate residues. We now report the 
preparation of biotinylated hyaluronic acid (molecular 
weight = 1.2 x 10(6) Da) as a probe for histochemical 
and immunochemical characterization of HA-binding 
proteins. Approximately one-third of the available HA 
glucuronate residues could be readily biotinylated in 
high molecular weight HA. 
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To study the expression of hyaluronan in male 
reproductive organs and the origin of seminal plasma 
hyaluronan, we stained various parts of the bull 
reproductive tract for hyaluronan using a biotinylated 
probe derived from cartilage proteoglycan (bHABC). 
The potential loss of hyaluronan during tissue processing 
was checked with a novel technique by blotting frozen 
tissue sections on nitrocellulose and staining the blots 
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with bHABC. In the same tissues the CD44 receptor 
was visualized by Hermes 1 antibody. The testes showed 
only traces of hyaluronan, whereas both the epithelium 
and the connective tissue of seminal vesicle, prostate, 
Cowper's gland, and epididymis were positive in bHABC 
staining. Hyaluronan was localized on the basolateral 
surfaces of these epithelial cells. The secretions inside 
the seminal vesicle and in the ducts of prostate and 
Cowper's gland were HA-positive, whereas the luminal 
contents of seminiferous tubules and epididymis were 
unstained both in paraffin sections and in the in situ 
blocks. The data indicate that hyaluronan in seminal 
plasma originates from the accessory sex glands. The 
co-localization of CD44 with hyaluronan in the 
basolateral surfaces of the accessory gland epithelia and 
its absence from other epithelia with little or no 
hyaluronan supports its role as a *hyaluronan* *receptor*. 
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Hyaluronan-binding sites were demonstrated on the cell 
surface of three malignant mesothelioma cell lines 
derived from human tumors using either [3H]hyaluronan 
or fluorescein-tagged hyaluronan. No 
hyaluronan-binding activity was observed on normal 
human mesothelial cells. The absence of hyaluronan 
receptors on normal human mesothelial cells was not due 
to a down-regulation by endogenously synthesized 
hyaluronan, since no binding sites appeared when the 
cells were cultured under conditions known to suppress 
hyaluronan synthesis (in starvation medium containing 
either hydrocortisone or n-butyrate) or to degrade 
endogenously synthesized hyaluronan (in the presence 
of Streptomyces or testicular hyaluronidase). The 
binding of [3H]hyaluronan on mesothelioma cells could 
be partially inhibited by prior incubation of the cells 
with trypsin, indicating that the hyaluronan-binding site 
is a protein. The binding sites on human malignant 
mesothelioma cells were shown to be saturable with 
about 54,000 hyaluronan molecules (M(r) 1.4 x 10(6)) 



bound per cell with a Kd of 0.3 x 10(-9) M. The binding 
was specific for hyaluronan inasmuch as a number of 
other macromolecules gave negligible inhibition of the 
binding. High molecular weight preparations of 
hyaluronan inhibited the binding more effectively than 
low molecular weight preparations; hyaluronan 
oligosaccharides down to a length of six 
monosaccharide units showed competing activity. The 
*hyaluronan* *receptor* appeared to be related to 
CD44 (a cell surface glycoprotein previously suggested 
to function as a *hyaluronan* *receptor*) since 
Hermes-1 monoclonal antibodies which inhibit the binding 
of hyaluronan to CD44 blocked a major part of the 
binding of hyaluronan to the mesothelioma cells. However, 
there was no strict correlation between the 
hyaluronan-binding activity on the mesothelioma cell 
lines tested and the levels of CD44 molecules on their 
cell surface, suggesting that only a subf raction of the 
CD44 molecules bound hyaluronan or that other 
hyaluronan-binding proteins also exist on those cells. The 
presence of hyaluronan receptors on mesothelioma cells, 
but not on their normal counterparts, may be of 
importance for the migration of the transformed cells in 
hyaluronan-enriched matrices and for their ability to 
form metastases. 
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The molecular mechanisms whereby hyaluronan (HA) 
stimulates cell motility was investigated in a C-H-ras 
transformed 10T 1/2 fibroblast cell line (C3). A 
significant (p < 0.001) stimulation of C3 cell motility with 
HA (10 ng/ml) was accompanied by an increase in protein 
tyrosine phosphorylation as detected by 
anti-phosphotyrosine antibodies using immunoblot analysis 
and immunofluorescence staining of cells. Tyrosine 
phosphorylation of several proteins was found to be 
both rapid and transient with phosphorylation occurring 
within 1 min of HA addition and dissipating below control 
levels 10-15 min later. These responses were also 
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elicited by an antibody generated against a peptide 
sequence within the *HA* *receptor* RHAMM. 
Treatment of cells with tyrosine kinase inhibitors 
(genistein, 10 micrograms/ml or herbimycin A, 0.5 
micrograms/ml) or microinjection of 
anti-phosphotyrosine antibodies inhibited the transient 
protein tyrosine phosphorylation in response to HA as 
well as prevented HA stimulation of cell motility. To 
determine a link between HA-stimulated tyrosine 
phosphorylation and the resulting cell locomotion, 
cyfoskeietai reorganization was examined in C3 ceNs 
plated on f ibronectin and treated with HA or 
anti-RHAMM antibody. These agents caused a rapid 
assembly and disassembly of focal adhesions as 
revealed by immunof luorescent localization of vinculin. 
The time course with which HA and antibody induced 
focal adhesion turnover exactly paralleled the 
induction of transient protein tyrosine phosphorylation. 
In addition, phosphotyrosine staining colocalized with 
vinculin within structures in the lamellapodia of these 
cells. Notably, the focal adhesion kinase, ppl25FAK, 
was rapidly phosphorylated and dephosphorylated after 
HA stimulation. These results suggest that HA 
stimulates locomotion via a rapid and transient protein 
tyrosine kinase signaling event mediated by RHAMM. 
They also provide a possible molecular basis for focal 
adhesion turnover, a process that is critical for cell 
locomotion. 
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Though CD44 functions as a cell surface receptor for 
hyaluronan (HA) in some cell lines, most normal 
hematopoietic cells expressing CD44 do not bind HA. 
Certain CD44-specif ic monoclonal antibodies (mAbs) can 
rapidly induce CD44-mediated HA binding in normal 
murine T cells. This observation suggests that in vivo 
mechanisms may exist for activating the *HA* 
*receptor* function of CD44 on normal T cells. Here, it 



is shown that up to one third of splenic T cells are 
capable of CD44-mediated binding of 
f luorescein-conjugated HA (FI-HA) during an in vivo 
allogeneic response. HA binding activity peaks at 7-8 d 
postinjection and declines rapidly. These rapid kinetics 
could be the result of transient activation of CD44 
function and/or differentiation or expansion of 
short-lived population(s) that have constitutive 
HA-binding function. Both CD4 and CD8 T cells are 
included in the HA binding population which is strongly 
CD44 positive. After separation of HA-binding cells from 
nonbinding cells by cell sorting, it is shown that almost all 
cytotoxic effector cells are found in the HA-binding 
population. However, there is no evidence that 
CD44-mediated HA recognition is directly involved in the 
killing of target cells, since cytotoxicity could not be 
inhibited by CD44-specif ic mAbs that inhibit HA binding 
or by soluble HA. PCR amplification of cDNA reverse 
transcribed from RNA of sorted HA-binding cells 
indicated no evidence for CD44 isoforms other than 
the standard (hematopoietic) form. Though CD44 
expression is known to be elevated upon T cell activation, 
and, as shown here, HA-binding function is induced in a 
portion of CD44-expressing T cells including cytotoxic 
effector cells, the role of CD44 and HA-recognition in 
immune responses is not known. 
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OBJECTIVE: To determine if a novel receptor for 
hyaluronan, termed RHAMM, is responsible for the 
previously observed increase in sperm locomotion in 
response to hyaluronan and to assess whether 
expression of the RHAMM protein is involved in sperm 
motility. DESIGN: The RHAMM protein was localized 
on human sperm by immunofluorescence of fixed 
cells, fluorescence-activated cell sorter (FACS) of cell 
surface phenotype, and Western transblot analysis of 
cell proteins. The effect of monospecific antibodies on 
sperm motility was examined using computer-assisted 
image analysis. Results of motility studies were 
assessed statistically with analysis of variance. 
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SETTING: Samples were collected from donors from the 
University of Manitoba donor insemination program. 
SUBJECTS: Semen was collected twice from four 
participants and a total of 10,000 sperm per sample 
were evaluated. RESULTS: A *hyaluronan* *receptor*, 
RHAMM, was localized by immunofluorescence along the 
tail, the midpiece, and the head of sperm. Positive staining 
obtained with FACS analysis indicated that RHAMM 
occurred on the surface of sperm, whereas immunoblot 
analysis of sperm cell lysates revealed RHAMM proteins 
of MWE 58 and 64 kd, consistent with the size of 
RHAMM localized from fibroblasts. A polyclonal antibody 
specific to a peptide encoded in the fibroblast RHAMM 
complementary DNA significantly decreased the motility 
of sperm. Analysis of this inhibition is consistent with 
an effect of the antibody on flagellar function. 
CONCLUSIONS: The presence of RHAMM on sperm 
surfaces and the ability of monospecific antibodies to 
inhibit sperm motility suggest an important role for this 
novel glycoprotein in sperm motility. 
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A method for detecting hyaluronan (HA)-binding 
proteins in transblot assays using biotinylated HA 
(BHA) is described. Some of the binding characteristics 
of a novel *HA* *receptor* termed RHAMM (Receptor 
for HA-Mediated Motility) are characterized using this 
assay. The method is also used to detect other 
HA-binding proteins in tissue homogenates. This method 
is semiquantitative, rapid, reproducible, sensitive and 
therefore of potential use in identifying the levels of 
HA-binding proteins in different cells and tissues. 
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We have previously identified two hyaluronan (HA) 
binding domains in the *HA* *receptor* , RHAMM, that 
occur near the carboxyl-terminus of this protein. We 
show here that these two HA binding domains are the 
only HA binding regions in RHAMM, and that they 
contribute approximately equally to the HA binding 
ability of this receptor. Mutation of domain II using 
recombinant polypeptides of RHAMM demonstrates that 
K423 and R431, spaced seven amino acids apart, are 
critical for HA binding activity. Domain I contains two 
sets of two basic amino acids, each spaced seven 
residues apart, and mutation of these basic amino acids 
reduced their binding to HA— Sepharose. These results 
predict that two basic amino acids flanking a seven amino 
acid stretch [hereafter called B(X7)B] are minimally 
required for HA binding activity. To assess whether this 
motif predicts HA binding in the intact RHAMM protein, 
we mutated all basic amino acids in domains I and II 
that form part of these motifs using site-directed 
mutagenesis and prepared fusion protein from the 
mutated cDNA. The altered RHAMM protein did not 
bind HA, confirming that the basic amino acids and their 
spacing are critical for binding. A specif ic requirement 
for arginine or lysine residues was identified since 
mutation of K430, R431 and K432 to histidine residues 
abolished binding. Clustering of basic amino acids either 
within or at either end of the motif enhanced HA 
binding activity while the occurrence of acidic residues 
between the basic amino acids reduced binding. The 
B(X7)B motif, in which B is either R or Kand X7 contains 
no acidic residues and at least one basic amino acid, 
was found in all HA binding proteins molecularly 
characterized to date. Recombinant techniques were used 
to generate chimeric proteins containing either the 
B(X7)B motifs present in CD44 or link protein, with the 
amino-terminus of RHAMM (amino acids 1-238) that 
does not bind HA. All chimeric proteins containing the 
motif bound HA in transblot analyses. Site-directed 
mutations of these motifs in CD44 sequences abolished 
HA binding. Collectively, these results predict that the 
motif of B(X7)B as a minimal binding requirement for HA 
in RHAMM, CD44 and link protein, and occurs in all 
HA binding proteins described to date. 
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CD44 is a multifunctional adhesion protein that acts as 
a major receptor for the hygroscopic extracellular 
matrix component, hyaluronan. This receptor-ligand 
binding directly mediates at least some of the cell-cell 
and cell-matrix interactions ascribed to CD44. Other 
interactions involving CD44 may be modulated indirectly 
by its ability to bind growth factors and thereby to 
promote cell attachment. During vertebrate development, 
multiple cases of hyaluronan involvement in cell 
proliferation, cell migration and histogenesis have been 
documented. In addition, there is evidence suggesting 
a central role for cell surface glycoproteins and 
proteoglycans in mediating the action of polypeptide 
growth factors involved in tissue patterning. In view of 
this, we undertook to investigate expression of the CD44 
protein during postimplantation mouse embryogenesis. 
Between 9.5 and 12.5 days of embryonic development, 
the predominant form of CD44 protein corresponds to 
the hyaluronan-binding CD44H form. However, species 
with a higher M(r) were also detected, implying that 
CD44 isoforms generated by alternative splicing of 
CD44 RNA are employed in normal development. 
Further, we used mouse embryos to perform whole-mount 
immunohistochemistry and examine the temporal and 
spatial distribution of this glycoprotein. CD44 is 
expressed at high levels in the heart, somites and 
condensing limb-bud mesenchyme at critical stages of 
morphogenesis. These sites correlate with regions 
where hyaluronan has been demonstrated to regulate 
morphogenetic events. Of novel interest, however, is the 
high expression of CD44 in regions that do not 
correlate with sites of known hyaluronan-mediated 
developmental events. These include instructive 
epithelia participating in epithelial-mesenchymal cell 
interactions such as the apical ectodermal ridge of the 
developing limb bud and the odontogenic placodes of the 
presumptive upper and lower jaws. 
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Several studies have suggested that chondrocytes 
must have the capacity to internalize and degrade 
extracellular hyaluronan. In the present study we show 
direct evidence that hyaluronan is, in fact, 
endocytosed by chondrocytes and that the endocytosis 
is mediated via cell surface CD44/hyaluronan 
receptors. Cultures of bovine articular chondrocytes as 
well as rat chondrosarcoma chondrocytes were 
incubated with either fluorescein- or 3H-labeled 
hyaluronan. Intense binding and accumulation of labeled 
hyaluronan was visualized by fluorescence 
microscopy or bright-field/dark-field microscopy 
following autoradiography. Cell surface hyaluronan was 
removed with either trypsin or Streptomyces 
hyaluronidase in order to distinguish and quantify 
intracellular endocytosed hyaluronan. Labeled hyaluronan 
was visualized within small discrete intracellular 
vesicles distributed throughout the cytoplasm. Binding 
and endocytosis of fluorescein- or 3H-labeled 
hyaluronan was totally blocked by the addition of excess 
unlabeled hyaluronan or hyaluronan hexasaccharides, 
competitive inhibitors of hyaluronan/*hyaluronan* 
*receptor* interactions. Binding and endocytosis was 
also blocked by the addition of anti-CD44 monoclonal 
antibodies. Characterization of endocytosed 
3H-labeled hyaluronan demonstrated that a significant 
portion of the hyaluronan was degraded by both the 
bovine articular and rat chondrosarcoma chondrocytes. 
Interestingly, a higher proportion of bound hyaluronan 
was internalized by the bovine chondrocytes. 
Therefore, *hyaluronan* *receptor* -mediated 
endocytosis and degradation of hyaluronan may provide a 
critical link to the maintenance and homeostasis of 
cartilage tissue. 
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The purposes of this study are to characterize the 
binding of hyaluronic acid (HA) to mouse T lymphoma 
cells, to measure changes in intracellular Ca2+ after HA 
binding, to elucidate the interaction between the *HA* 
* receptor* , GP85(CD44), and ankyrin in the membrane 
skeleton, and finally to correlate these events with 
*HA* *receptor* patching/capping and cell adhesion to 
HA. First, we established an in vivo assay using [3H]HA 
to measure the binding of HA to mouse T lymphoma cells, 
and found that the binding of [3H]HA to these cells is 
readily inhibited by the addition of anti-GP85(CD44) 
antibody suggesting that GP85(CD44) is the *HA* 
*receptor* . Next, we examined various signal 
transducing events that occur after HA binds to its 
receptor on mouse T lymphoma cells. The results of 
these studies indicate that the concentration of 
intracellular Ca2+ (as measured by Fura-2 fluorescence) 
begins to increase within seconds, and reaches a maximal 
level 5 min after the addition of HA to the cells. After 
this increase of intracellular Ca2+, HA induces both its 
receptors, GP85(CD44), to form patched/capped 
structures, and cell adhesion to HA-coated plates. 
Furthermore, we have determined that GP85(CD44) 
binds directly and specifically to ankyrin (Kd 
approximately 1.94 nM) in a saturable manner; and 
that ankyrin is preferentially accumulated underneath 
the HA-induced GP85(CD44) capped structures. The 
Ca2+ ionophore, ionomycin, was found to stimulate 
HA-induced receptor capping and adhesion while EGTA 
(a Ca2+ chelator), nefedipine/bepridil (Ca2+ channel 
blockers), VV-7 (a calmodulin antagonist), and cytochalasin 
D (a microfilament inhibitor), but not colchicine (a 
microtubule disrupting agent), inhibit HA-induced 
receptor redistribution and adhesion to HA-coated 
plates. These findings strongly suggest that ankyrin 
plays an important role in linking the *HA* *receptor*, 
GP85(CD44), to the membrane-associated actomyosin 
contractile system during hyaluronic acid-mediated 
lymphocyte activation. 
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Previously, we have shown that CD44 (the *hyaluronan* 
*receptor*) was involved in the degradation of 
hyaluronan. In the present study, we examined the 
distribution of CD44 and hyaluronan in the skin of 
embryonic and mature mice. During embryonic 
development, CD44 was prominently expressed by the 
condensed mesenchymal cells involved in the formation of 
the hair follicles, but was absent from the surrounding 
interstitial cells. The cells of the dermal condensation 
expressed CD44 throughout the development of the 
hair follicle; however, once the hair follicle reached 
maturity, the mesenchymal cells of the dermal papilla no 
longer expressed this molecule. In contrast to the above, 
the distribution of hyaluronan was reversed from that 
of CD44. Hyaluronan was widespread throughout the 
embryonic dermis, but was conspicuously absent from 
the regions of the dermal condensation. This 
arrangement persisted through the development of the 
hair follicle; however, in the mature hair follicle, 
hyaluronan reappeared in the dermal papilla. Thus, in 
the embryonic dermis, the expression of CD44 and 
hyaluronan were complementary to each other. 
However, in the adult skin, only minor changes were 
detected in the levels of CD44 and hyaluronan associated 
with the cells of the dermal condensation during the hair 
cycle. When organ cultures of embryonic mouse skin were 
treated with Streptomyces hyaluronidase, the interstitial 
mesenchymal cells became compacted, indicating that 
the removal of hyaluronan leads to the condensation of 
these cells. The results of this study are consistent with 
the hypothesis that the expression of CD44 by the 
inductive mesenchymal cells allows them to degrade 
hyaluronan in a localized region, leading to formation and 
maintenance of the dermal condensation. 
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implantation, gastrulation and organogenesis. 
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Hyaluronan was localized in post implantation mouse 
embryos using CD44, the principal *hyaluronan* 
* receptor* . The specificity of CD44 receptor-globulin 
labelling was confirmed using Streptomyces 
hyaluronidase, anti-chondroitin sulfate antibody, and 
other receptor globulins. Our major findings are 
summarized as follows: 1. Implantation of the blastocyst 
into the uterine wall triggers a rapid loss of hyaluronan 
from the extracellular matrix of decidual cells on the 
anti-mesometrial side of the uterus. 2. Hyaluronan 
appears early in development in the yolk cavity, and 
the basement membranes of primitive ectoderm and 
primitive endoderm. 3. During gastrulation, mesodermal 
cells enter a hyaluronan-rich environment, but lack a 
pericellular hyaluronan coat themselves. 4. In limb bud 
embryos, hyaluronan is present throughout the cranial 
mesenchyme, but is generally not present in the 
branchial bars, somites, or limb buds. 5. At 
mid-gestation, hyaluronan is present in the axial 
skeleton, craniofacial mesenchyme, endocardial cushions 
of the heart, smooth muscle of the gastrointestinal 
tract, and connective tissue throughout the body. The 
pattern of hyaluronan expression in the day 13 fetus is 
nearly identical to the published distribution of 
transforming growth factor beta (TGF beta), suggesting 
a close functional relationship between these 
molecules. Together, the results suggest that hyaluronan 
is involved in the formation of early mesoderm, 
differentiation of craniofacial mesenchyme, and 
morphogenesis of the axial skeleton. 
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TGF-beta is a potent stimulator of motility in a variety 
of cell types. It has recently been shown that 
hyaluronan (HA) can directly promote locomotion of 
cells through interaction with the *HA* Veceptor* 
RHAMM. We have investigated the role of RHAMM and 
HA in TGF-beta-stimulated locomotion and show that 
TGF-beta triggers the transcription, synthesis and 
membrane expression of the RHAMM receptor and 
the secretion of HA coincident with the induction of 
the locomotory response. This was demonstrated by 
both incubating cells with exogenous TGF-beta 1 and by 
stimulating the production of bioactive TGF-beta 1 in 
tumor cells transfected with TGF-beta 1 under the 
control of the metallothionein promoter. TGF-beta 
1-induced locomotion was suppressed by antibodies that 
prevented HA/RHAMM interaction, using polyclonal 
antibodies to either RHAMM fusion protein or RHAMM 
peptides, or mAbs to purified RHAMM. Peptides 
corresponding to the HA-binding motif of RHAMM also 
suppressed TGF-beta 1-induced increases in motility 
rate. Spontaneous locomotion of fibrosarcoma cells 
was blocked by neutralizing secreted TGF-beta with 
pans pec if ic TGF-beta antibodies and by inhibition of 
TGF-beta 1 secretion with antisense oligonucleotides. 
Polyclonal anti-RHAMM fusion protein antibodies and 
peptide from the RHAMM HA-binding motif also 
suppressed the spontaneous motility rate of 
fibrosarcoma cells. These data suggest that fibrosarcoma 
cell locomotion requires TGF-beta, and the pathway by 
which TGF-beta stimulates locomotion uses the *HA* 
Veceptor* RHAMM and HA. 
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The high molecular weight glycosaminoglycan hyaluronan 
plays an important role in tissue remodeling during 
development, normal tissue homeostasis, and disease. 
The interaction of hyaluronan with matrix 
hyaluronan-binding proteins and cell-surface hyaluronan 
receptors regulates many aspects of cell behavior such 
as cell migration, cell-cell adhesion, and cell 
differentiation. Hyaluronan-binding proteins have been 
grouped together as a family termed 
hyaiadherins— further subdivided in matrix and 
cell-surface hyaiadherins (receptors). Specific 
hyaluronan-hyaladherin interactions that affect cell 
behavior are the focus of this review. Both clearance 
and turnover of hyaluronan involve *hyaluronan* 
*receptor*-mediated endocytosis. Pericellular matrix 
assembly and retention on many cells, especially 
chondrocytes, are mediated by hyaluronan receptors, 
in coordination with other matrix hyaiadherins. 
Hyaluronan can also have an independent, direct effect 
on cell-to-cell adhesion as well as migration, again 
mediated by specific cell-surface hyaluronan 
receptors. This is especially apparent in tumor cells, 
where metastatic potential is correlated with 
*hyaluronan* *receptor* expression. As migrating cells 
encounter new environments enriched in matrix 
hyaiadherins, the capacity for matrix assembly may 
terminate cell migration. Thus, the temporal/spatial 
deposition of particular matrix hyaiadherins also serves 
as signals or matrix cues to alter cell behavior. 
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Hyaluronan (HA) is an important regulator of cell 
locomotion. We show that ras-transformed cells, 
termed 245 cells, respond to HA with an increase in 
random locomotion. We show that two HA receptors, 
RHAMM (receptor for hyaluro nan-mediated motility) and 
CD44, are present on these ras-transformed fibroblasts. 
RHAMM is expressed as a 58-kDa protein and is 



distributed primarily as patches over lamellae. CD44 
occurs largely as an 85- to 90-kDa protein that is 
distributed more or less evenly over the cell surface with 
small amounts concentrated at the tips of lamellae. CD44 
and RHAMM both bind biotinylated HA in a transblot 
assay, indicating that they are both potential fibroblast 
HA receptors. CD44 binds approximately five times more 
HA than RHAMM as determined by densitometric 
analysis of transblots, indicating that this protein 
is the major *HA* * receptor* on fibroblasts. We 
assessed the role of these receptors in mediating the 
stimulatory effects of HA on cell motility by using 
antibody neutralization. Several antibodies to CD44 
were used that inhibit HA/CD44 interactions. None of 
these had an effect on locomotory responses to HA, 
indicating that CD44 is not directly involved in 
mediating locomotion in response to HA on 
ras-transformed cells. In contrast, antibodies specific to 
RHAMM completely inhibited locomotion, indicating 
that RHAMM is the primary mediator of HA-promoted 
locomotion of ras-transformed cells. 
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CD44 can function as a receptor for hyaluronan (HA). 
However, many cell lines and normal hematopoietic 
cells that express CD44 do not constitutively bind 
HA. A monoclonal antibody (mAb) specif ic for CD44 
(IRAWB 14) has been described previously which 
induces CD44-med fated binding of HA rapidly (seconds to 
minutes) in some cell lines and in normal murine T cells. Of 
16 CD44-specif ic mAb tested in the present study, only 3 
exhibited this activity. Monovalent Fab fragments were 
prepared from two IgG2a antibodies that induce HA 
binding (IRAWB 14 and IRAWB 26) and used to 
determine whether multivalent binding was required 
for induction of *HA* *receptor* function. Fab from 
both antibodies had a tendency to form multivalent 
aggregates. After addition of iodoacetamide to prevent 
further aggregation, multimeric and monovalent forms 
were separated by gel filtration. This made it possible 
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to compare the inducing activity of monovalent and 
multivalent antibody fragments of identical composition in 
the absence of Fc determinants. Multimeric forms 
were very active at inducing binding of 
f luorescein-conjugated HA (FI-HA). Monovalent Fab 
fragments of both antibodies had 20- to 50-fold lower 
binding activity than intact antibody or multimer. IRAWB 
26 Fab monomers were completely inactive in the 
induction of HA-binding. The observed weak inducing 
activity of IRAWB 14 Fab monomer could be 
attributed to very iow ieveis of contaminating 
multimer. Induction of HA binding could also be achieved 
by using anti-immunoglobulin to cross-link Fab 
monomers of IRAWB 26. Thus, multivalent binding was 
required for the activation of HA binding by 
CD44-specif ic antibody, suggesting that the distribution 
of CD44 molecules on the cell surface is important for 
*HA* *receptor* function. In kinetic studies, induction 
of *HA* *receptor* function occurred simultaneously 
with antibody binding at 0 degrees C (ice water bath). 
Furthermore, antibody could induce HA binding in 
paraformaldehyde-f ixed cells, which were permeable to 
propidium iodide and trypan blue, suggesting that 
intracellular signaling mechanisms were not involved in 
induction of receptor function. We conclude, 
therefore, that these CD44-specif ic antibodies are 
inducing HA binding by directly influencing the 
distribution of CD44 on the cell surface. The possibility 
of a concurrent change in CD44 conformation is not ruled 
out. We discuss possible mechanisms by which CD44 might 
be activated to bind HA in vivo. 
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We have identified two discrete hyaluronan- (HA) 
binding domains in the *HA* *receptor* RHAMM 
(Receptor for HA-Mediated Motility) that mediates the 
locomotion of H-ras transformed fibroblasts. A complete 
RHAMM cDNA (1.43 kilobases (kb)) was expressed as a 
fusion protein with pGEX-2T in Escherichia coli HB101 



and was shown to bind specif ically to both biotin-labeled 
HA in a transblot assay and to HA-Sepharose. The 
complete cDNA was truncated with restriction 
endonucleases from the 3' end resulting in 1.30-, 1.02-, 
0.71-, and 0.41-kb cDNAs which were then expressed in 
HB101. Only the fusion peptide expressed from the 
complete cDNA and the 1.30-kb cDNA bound to HA 
indicating that the region located between 1.02-1.30 
kb of RHAMM cDNA was critical for recognition of 
this glycosaminoglycan. Deletion of 114 bases in this 
region virtually eliminated HA binding activity thus 
defining the major glycosaminoglycan binding region to 
amino acids 400-434 located near the carboxyl terminus 
of RHAMM. Two domains containing clusters of basic 
amino acids were identified within this region. Synthetic 
peptides mimicking these two domains both inhibited HA 
binding to the complete 1.43-kb expressed glutathione 
s-transferase-RHAMM fusion protein, and also 
directly bound to HA-Sepharose. Random peptides and 
peptides mimicking other regions in RHAMM did not 
inhibit HA-RHAMM interactions and bound weakly to 
HA-Sepharose. Oligonucleotides encoding either of 
these two peptides were linked to the NH2-terminal 0.71 
kb of RHAMM which encoded a peptide that did not 
contain HA binding activity. Fusion proteins containing 
either of these recombinant peptides acquired HA 
binding activity as assessed with a transblot assay. Thus, 
we have identified two domains within RHAMM that are 
responsible for its HA binding activity. 
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Previous studies indicate that sinusoidal endothelial 
cells bind and internalize hyaluronic acid at much 
greater rates than do other liver cells. Thus hepatic 
hyaluronic acid removal rate may be indicative of 
sinusoidal endothelial cell function. In these studies 
the uptake of hyaluronic acid (molecular weight 1.3 x 
10(6)) was measured in isolated perfused rat liver under 
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a variety of conditions. Uptake was dependent on 
hyaluronic acid concentration. At all concentrations 
tested, the rate of hyaluronic acid uptake stabilized at a 
steady-state level 2 to 3 min after development of a 
high rate of apparent uptake. At saturating hyaluronic 
acid concentration (150 ng.ml-1), the steady-state uptake 
rate was 10.4 +/- 1.0 micrograms.gm-1 liver wet wt.hr-1, 
which is as high as or higher than the rates reported for 
isolated rat liver sinusoidal endothelial cells. The 
half-maximal rate of uptake was attained at a hyaluronic 
acid concentration of 80 ng.ml-1. Hyaluronic acid 
uptake was inhibited by heparin (80%), a competitive 
ligand for the *hyaluronic* *acid* *receptor* on 
sinusoidal endothelial cells; 4 beta-phorbol 12 
beta-O-myristoyl 13 alpha-acetate (25% to 50%), a 
tumor promoter and activator of protein kinase C; 
prostaglandin F2 alpha (24% to 52%), an eicosanoid 
secreted in the liver by Kupffer cells; A23187(33%to 
66%,), a Ca2+ ionophore; and Escherichia colt 
lipopolysaccharide (16% to 43%). Platelet activating 
factor did not affect hyaluronic acid uptake by the 
perfused liver. Hyaluronic acid uptake was increased by 
50% after a 24-hr fast. (ABSTRACT TRUNCATED AT 
250 WORDS) 
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Initial assembly of extracellular matrix occurs within a 
zone immediately adjacent to the chondrocyte cell 
surface termed the cell-associated or pericellular matrix. 
Assembly within the pericellular matrix compartment 
requires specific cell-matrix interactions to occur, that 
are mediated via membrane receptors. The focus of this 
study is to elucidate the mechanisms of assembly and 
retention of the cartilage pericellular matrix proteoglycan 
aggregates important for matrix organization. Assembly 
of newly synthesized chondrocyte pericellular matrices 
was inhibited by the addition to hyaluronan 
hexasaccharides, competitive inhibitors of the binding 
of hyaluronan to its cell surface receptor. Fully 



assembled chondrocyte pericellular matrices were 
displaced using hyaluronan hexasaccharides as well. When 
exogenous hyaluronan was added to matrix-free 
chondrocytes in combination with aggrecan, a pericellular 
matrix equivalent in size to an endogenous matrix 
formed within 30 min of incubation. Addition of 
hyaluronan and aggrecan to glutaraldehyde-f ixed 
chondrocytes resulted in matrix assembly comparable 
to live chondrocytes. These matrices could be inhibited 
from assembling by the addition of excess 
hyaiuronan hexasaccharides or displaced once assembled 
by subsequent incubation with hyaluronan 
hexasaccharides. The results indicate that the 
aggrecanrich chondrocyte pericellular matrix is not only 
on a scaffolding of hyaluronan, but actually anchored to 
the cell surface via the interaction between hyaluronan 
and hyaluronan receptors. 
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We characterized the mechanisms by which 
recombinant (r) tumor necrosis factor (TNF), IFN-gamma, 
and IL-1, alone and in combination, regulate human lung 
fibroblast hyaluronic acid (HA) production. Each cytokine 
stimulated fibroblast HA production. The combination of 
rTNF and rIFN-gamma resulted in a synergistic 
increase in the production of high molecular weight HA. 
This was due to a synergistic increase in hyaluronate 
Synthetase activity and a simultaneous decrease in HA 
degradation. In contrast, when rTNF and rIL-1 were 
combined, an additive increase in low molecular weight 
HA was noted. This was due to a synergistic increase in 
hyaluronate synthetase activity and a simultaneous 
increase in HA degradation. Human lung fibroblasts 
contained a hyaluronidase that, at pH 3.7, depolymerized 
high molecular weight HA to 10-40 kD end products 
of digestion. However, hyaluronidase activity did not 
correlate with fibroblast HA degradation. Instead, HA 
degradation correlated with f ibroblast-HA binding, which 
was increased by rIL-1 plus rTNF and decreased by 
rIFN-gamma plus rTNF. Recombinant IL-1 and rTNF 
weakly stimulated and rIL-1 and rTNF in combination 
further augmented the levels of CD44 mRNA in lung 
fibroblasts. In contrast, rIFN-gamma did not significantly 
alter the levels of CD44 mRNA in unstimulated or rTNF 
stimulated cells. These studies demonstrate that rIL-1, 
rTNF, and rIFN-gamma have complex effects on 
biosynthesis and degradation which alter the quantity 
and molecular weight of the HA produced by lung 
fibroblasts. They also show that fibroblast HA 
degradation is mediated by a previously unrecognized 
lysosomal-type hyaluronidase whose function may be 
regulated by altering f ibroblast-HA binding. Lastly, they 
suggest that the CD44 *HA* *receptor* may be 
involved in this process. 
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The Ca(2+)- independent endocytic hyaluronan (*HA*) 
*receptor* in rat liver sinusoidal endothelial cells (LECs) 
was identified using a novel cross-linking derivative of 
HA. The heterobifunctional, photoactivatable, reducible 
reagent sulfosuccinimidyl 

2-(p-azidosalicylamido)ethyl-l,3 ' -dithi opropionate 
(SASD) was coupled to the terminal amino group of 
uniquely modified HA-amine oligosaccharides (M(r) 
approximately 60,000) and subsequently iodi noted. 
125I-ASD-HA bound to cultured LECs with similar 
specificity and affinity as a previously 
characterized 125I-HA-amine/Bolton-Hunter adduct. 
Permeabilized LECs were incubated with 125I-ASD-HA 
with 10 mM EGTA and photolysed with UV light. 
Detergent extracts were reduced to release the HA 
oligosaccharides and radiolabeled proteins were 
analyzed by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis and autoradiography. Two polypeptides 
were consistently and equally labeled at M(r) = 175,000 
and 166,000. Photoaff inity labeling of these two 
proteins was virtually identical in cultured LECs or 
membranes and was competed greater than 90% with a 
100-fold excess of HA. As with the previously 
characterized bona fide LEC *HA* *receptor* , 
cross-linking was also competed by chondroitin sulfate 
and heparin, but less efficiently by chondroitin and not 
with galacturonan. We conclude that the 
Ca(2+)-independent LEC *HA* *receptor* is composed of 
at least two polypeptides of M(r) approximately 175,000 
and 166,000 and may exist as a heterodimer of M(r) 
approximately 340,000. We also conclude that the LEC 
*HA* *receptor* is distinct from the CD44 family of 
HA-binding proteins. 
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The hyaluronic acid (HA)-binding function of CD44 
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expressed on the cell surface of normal hematopoietic 
cells has been studied by assaying binding of 
f luoresceinated hyaluronic acid (Fl-HA) and adhesion to 
immobilized HA. As has been observed previously, 
normal hematopoietic cells from bone marrow and spleen 
do not constitutively bind HA. A CD44-specif ic monoclonal 
antibody, IRAWB 14, which has been shown to rapidly 
induce HA binding in some CD44+ cell lines, was used to 
activate the HA-binding function of CD44 in these 
normal cells. Only splenic T cells were activated by the 
IRAWB 14 antibody to bind Fl-HA. Upon activation, 
Fl-HA binding correlated with the level of CD44 
expression. Activation of HA binding allowed splenic T 
cells to adhere to HA immobilized on plastic and to an 
endothelial cell line in an HA-dependent manner. BALB/c 
and AKR/J splenic T cells differ in their level of CD44 
expression, and this correlated with differences in their 
ability to bind HA upon antibody activation. The minor 
subpopulation of MEL-14- T cells were among the 
brightest Fl-HA-staining cells. We propose, on the basis 
of these and other results, that there are three states 
of CD44 function with respect to HA binding: (a) a 
non-activatable, resting state, which cannot be rapidly 
activated to bind HA, as seen in most hematopoietic 
cells; (b) an activatable state, which can be rapidly 
converted to HA-binding function, in this case by the 
IRAWB 14 antibody, illustrated by T cells as shown 
here; and (c) a constitutively active state, which can 
bind HA without antibody activation, seen in some cell 
lines. 
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Hyaluronan (HA), a glycosaminoglycan, has long been 
implicated in cell locomotion. We have shown that HA 
production regulates the locomotion of 
H-ras-transformed cells. This autocrine motility 
mechanism is mediated by a novel *HA* *receptor* 
termed RHAMM, an acronym for Receptor for HA 
Mediated Motility. HA:RHAMM interactions regulate 
directional locomotion of tumor cells and result in 
enhanced protein tyrosine phosphorylation that may be a 



critical messenger mechanism for initiation of locomotion. 
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A cDNA encoding a unique *hyaluronan* *receptor* 
has been molecularly cloned from a lambda GT11 3T3 
cDNA expression library. Immunoblot analyses of cell 
lysates, using antibodies to peptides encoded in the 
cDNA, specifically react with a 58-kD protein. This 
protein is regulated by the mutant H-ras gene in cells 
containing a metallothionein promoter H-ras hybrid 
gene. Further, antibodies to peptide sequences encoded 
in the cDNA block the increase in locomotion 
resulting from induction of the mutant H-ras gene in this 
cell line. In a transblot assay, the bacterial ly expressed 
protein binds to biotinylated hyaluronan. Antibodies to 
peptides encoded in the cDNA react in immunoblot assays 
with the 58- and 52-kD proteins of a novel 
*hyaluronan* *receptor* complex previously implicated 
in cell locomotion. Furthermore, antibodies specific to the 
58- and 52-kD proteins, which block ras-induced 
locomotion, also cross-react with the expressed, 
encoded protein. The gene product described here 
appears to be a new type of *hyaluronan* *receptor* that 
is involved in cell locomotion. It is named RHAMM, an 
acronym for receptor for hyaluronan-mediated motility. 
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Isolated and cultured rat liver sinusoidal endothelial 
cells (LECs) retain the ability to specifically bind 
1251-hyaluronan (HA) and internalize it using a coated 
pit pathway [Biochem J, 257:875-884, 1989]. Here we 
have determined the effect of Ca+2 on the binding and 
endocytosis of HA by LECs. 125I-HA binding to intact 
LECs at 4 degrees C occurred both in the absence (10 
mM EGTA) or the presence of physiologic concentrations 
of Ca+2 (1.8 mM). However, the specific binding of 
125I-HA to LECs increased linearly with increasing 
Ca+2 concentrations. After permeabilization with 
the nonionic detergent digitonin, the 
Ca(+2)- independent HA binding activity increased 
approximately 743%, while the Ca(+2)-dependent binding 
activity was enhanced only approximately 46%. Therefore, 
the Ca(+2)-dependent HA binding activity appears not 
to be intracellular, whereas the Ca(+2)-independent 
*HA* *receptor* is found both inside LECs and on the 
cell surface. When LECs were allowed to endocytose 
125I-HA at 37 degrees C in 10 mM EGTA or in 1.8 mM 
Ca+2, no differences were seen in the extent or rate of 
endocytosis. When LECs were allowed to endocytose 
125I-HA in the presence of 10 mM Ca+2, the amount of 
cell-associated radioactivity increased approximately 
20-50-fold. However, this additional cell-associated 
125I-HA was not sensitive to hyperosmolar ity and 
was removed by washing the cells in 10 mM EGTA at 4 
degrees C. Therefore, the Ca(+2)-dependent 
cell-associated 125I-HA had accumulated on the cell 
surface and had not been internalized. From these studies 
we conclude that LECs have at least two types of 
specific HA binding sites. (ABSTRACT TRUNCATED AT 
250 WORDS) 
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Hyaluronan-dependent pericellular matrices or "coats" 
are expressed by a variety of cell types in culture and 
modulation of their expression may be important in 
regulation of cell interactions in vivo during development. 
Monoclonal antibody IVd4, which recognizes 
hyaluronan-binding protein with the properties of a 
*hyaluronan* *receptor*, was shown to block formation 
of these coats by a variety of cells. Using rat 
fibrosarcoma cells, it was found that the antibody not 
only blocked initial formation of the coats but also 
caused their loss when added subsequent to formation. 
The loss of preformed coats in the presence of 
antibody occurred at 4 degrees and 37 degrees, 
implying that the function of hyaluronan-binding protein 
in coat formation is not in mediating metabolic 
processes. The antibody also had no significant effect 
on hyaluronan production by the fibrosarcoma cells. In 
addition, hyaluronan hexasaccharide, a competitive 
inhibitor of the interaction between polymeric 
hyaluronan and its cell surface receptor, was found to 
inhibit coat formation. Thus it is concluded that a 
hyaluronan-binding protein with the properties of a 
*hyaluronan* *receptor* is required for pericellular 
matrix formation. 
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Hyaluronan (hyaluronic acid) is a high-molecular-mass 
polysaccharide found in the extracellular matrix, 
especially of soft connective tissues. It is synthesized in 
the plasma membrane of fibroblasts and other cells by 
addition of sugars to the reducing end of the 
polymer, whereas the nonreducing end protrudes into 
the pericellular space. The polysaccharide is catabolized 
locally or carried by lymph to lymph nodes or the general 
circulation, from where it is cleared by the endothelial 
cells of the liver sinusoids. The overall turnover rate is 
surprisingly rapid for a connective tissue matrix 
component (tl/2 0.5 to a few days). Hyaluronan has 
been assigned various physiological functions in the 
intercellular matrix, e.g., in water and plasma protein 
homeostasis. Hyaluronan production increases in 
proliferating cells and the polymer may play a role in 
mitosis. Extensive hyaluronidase-sensitive coats have 
been identified around mesenchymal cells. They are 
either anchored firmly in the plasma membrane or bound 
via hyaluronan-specif ic binding proteins (receptors). 
Such receptors have now been identified on many 
different cells, e.g., the lymphocyte homing receptor 
CD 44. Interaction between a *hyaluronan* *receptor* 
and extracellular polysaccharide has been connected 
with locomotion and cell migration. Hyaluronan seems to 
play an important role during development and 
differentiation and has other cell regulatory activities. 
Hyaluronan has also been recognized in clinical medicine. 
A concentrated solution of hyaluronan (10 mg/ml) has, 
through its tissue protective and rheological properties, 
become a device in ophthalmic surgery. Analysis of 
serum hyaluronan is promising in the diagnosis of liver 
disease and various inflammatory conditions, e.g., 
rheumatoid arthritis. Interstitial edema caused by 
accumulation of hyaluronan may cause dysfunction in 
various organs. 
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The *hyaluronan* *receptor* belongs to the 
polymorphic family of CD44 glycoproteins, which have 
been implicated in a variety of cellular functions including 
adhesion to hyaluronan and collagen, the binding of 
lymphocytes to high endothelial cells during 
extravasation, and conferring metastatic potential to 
carcinoma cells. Here, we demonstrate that the receptor 
also participates in the uptake and degradation of 
hyaluronan by both transformed fibroblasts (SV-3T3 
cells) and alveolar macrophages. These cells were 
incubated with isotopically labeled hyaluronan for 
various periods of time, and the extent of degradation 
was determined by either molecular-sieve 
chromatography or centrifugation through Centricon 
30 microconcentrators. The macrophages degraded the 
hyaluronan at a faster rate than the SV-3T3 cells, which 
may reflect the fact that they contained a greater 
number of receptors. More importantly, in both cell 
types, the degradation of hyaluronan was specifically 
blocked by antibodies directed against the receptor. 
However, the receptor by itself did not have the ability 
to degrade hyaluronan, since preparations of SV-3T3 
membranes containing the receptor did not break 
down hyaluronan. Subsequent experiments revealed 
that macrophages can internalize f luorescein-tagged 
hyaluronan, and this process was blocked by 
antibodies against the receptor. Furthermore, the 
subsequent degradation of hyaluronan was inhibited by 
agents that block the acidification of lysosomes 
(chloroquine and NH4CI). Thus, the most likely explanation 
for these results is that the receptor mediates the 
uptake of hyaluronan into the cell where it can be 
degraded by acid hydrolases in lysosomes. The ability of 
cells expressing the receptor to degrade hyaluronan 
may be important during tissue morphogenesis and cell 
migration. 
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Rat liver sinusoidal endothelial cells (LECs) mediate 
the removal of hyaluronan (HA) from the circulation 
via a specific Ca(2+)-independent endocytic receptor. 
To characterize the receptor biochemically, 
detergent-soluble extracts were prepared from crude 
LEC membranes. Using a dot blot assay to quantitate 
125I-HA binding activity in CHAPS-soiubihzed 
membranes, we detected not only specific 
Ca(2+)-independent but also specific Ca(2+)-dependent 
HA-binding activity. Both HA-binding activities behave as 
integral membrane-associated proteins; they are not 
released from LEC membranes by treatment at pH 11, 
and they require detergent for extraction. The 
Ca(2+)-independent *HA* * receptor* was inactivated by 
treatment at 56 degrees C for 30 min or with 200 mM 
DTT at 4 degrees C for 30 min, whereas the 
Ca(2+)-dependent activity actually increased by 75% 
after treatment at 56 degrees C and only 20% of the 
Ca(2+)-dependent activity was lost after DTT 
treatment. A two-cycle membrane extraction protocol 
using CHAPS partially separated the two HA-binding 
activities. Eight millimolar KCI and 0.5% CHAPS 
extracted approximately 50% of the Ca(2+)-independent 
*HA* *receptor* , but only 4-11% of the 
Ca(2+)-dependent activity. When the KCI and CHAPS 
concentrations were increased to 2.0 M and 1.5%, 
respectively, the remaining *HA* *receptor* , as well 
as 89-96% of the Ca(2+)-dependent activity, was then 
extracted. The Ca(2+)-independent and 
Ca(2+)-dependent activities could also be further 
separated using Sephacryl S-400 gel filtration 
chromatography^ ABSTRACT TRUNCATED AT 250 
WORDS) 
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In this study, we have examined the capacity of various 
cell types, which express cell surface hyaluronan 
receptors, to organize a chondrocyte-like pericellular 
matrix when given chondrocyte-derived extracellular 
matrix macromolecules exogenously. The assembly of a 
pericellular matrix was visualized by a particle exclusion 
assay. Without the addition of exogenous macromolecular 
components, none of the cell types studied exhibited 
significant pericellular matrices extending from their 
plasma membranes. However, upon the addition of 
high molecular weight hyaluronan in combination with 
aggregating cartilage proteoglycan monomers, large 
pericellular matrices were formed within two hours 
of incubation. No pericellular matrices were formed if 
these macromolecular components were added separately 
at equivalent concentrations or if the components were 
added in the presence of hyaluronan hexasaccharide, a 
competitive inhibitor of hyaluronan interaction with cell 
surface hyaluronan receptors. Fully assembled 
pericellular matrices could also be displaced by the 
subsequent addition of hyaluronan hexasaccharides. 
Nonliving, glutaraldehyde-f ixed cells, which retained 
functional hyaluronan receptors, maintained the 
capacity to assembly pericellular matrices with 
exogenous components, in serum-containing or 
serum-free medium. Cells that were incubated with 
exogenous matrix macromolecules for 24 h, followed by a 
chase incubation in medium minus the exogenous 
macromolecules, continued to maintain the matrix for up 
to 6 h on live cells and more than 24 h on 
glutaraldehyde-f ixed cells. Cell types that did not 
express hyaluronan receptors were not capable of 
organizing such pericellular matrices when incubated with 
these exogenous components. These findings suggest 
that cells expressing hyaluronan receptors have a 
significant capacity to organize their immediate 
extracellular environment via hyaluronan-*hyaluronan* 
*receptor* interactions. Possible physiological functions 
for this type of matrix organizing capacity are discussed. 
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A monoclonal antibody, MAb IVd4, that recognizes 
hyaluronan-binding protein (HABP) from chick embryo 
brain has been produced and characterized. By 
immunoblotting, MAb IVd4 was shown to recognize three 
proteins in chick embryo brain of molecular weight 93, 
90, and 69 kDa; this interaction was inhibited by addition 
of hyaluronan hexasaccharides. Overlay of transblots 
with [3H]hyaluronan showed binding to proteins of similar 
molecular weight. MAb IVd4 blocked binding of 
[3H]hyaluronan to brain HABP and to simian 
virus-transformed 3T3 cells, indicating a possible 
relationship with the 85-kDa *hyaluronan* ^receptor* of 
these cells. The distribution of HABP during early brain 
development was analyzed by immunohistochemistry. 
Immunoreactivity was uniform in newly formed 
neuroectoderm but became more concentrated in the 
roof of the brain during the second day of embryonic 
development. As the neuroectoderm becomes 
layered, the HABP was increasingly restricted to the 
forming plexiform layer, an area enriched in neural cell 
processes. Immunoreactivity was greatly enhanced 
by pretreatment of tissue with hyaluronidase, 
presumably due to removal of hyaluronan bound to the 
HABP, and was abolished on treatment with 
hyaluronan hexasaccharide, presumably due to inhibition 
of HABP-antibody interaction. These results suggest 
that a *hyaluronan* *receptor* is involved in early 
cellular events in brain development. 
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Document type: Journal Article 
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In order to characterize the proteins on liver 
endothelial cells that bind hyaluronan (HYA), liver 
endothelial cells were surface-iodinated with 1251, 
solubilized by Triton X-100 and passed through a column 
containing HYA coupled to agarose. The column was 
washed and eluted with HYA-oligosaccharides. Sodium 



dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) of the eluted material, followed by 
autoradiography, showed a major band with a molecular 
mass of 100 kDa, that upon reduction gave major bands 
of 20 and 35 kDa, and minor doublet bands at 60 and 80 
kDa. Two-dimensional electrophoresis of liver endothelial 
cell membrane proteins revealed that the 100 kDa 
protein has a pi of 6.6-6.8. The protein was purified by 
preparative SDS-PAGE of liver endothelial cell membrane 
proteins. The 100 kDa protein was excised from the gel 
and used for immunization of rabbits. Antiserum from 
immunized rabbits specifically recognized only the 100 
kDa protein on immunoblots of liver endothelial cell 
membrane proteins separated by SDS-PAGE. The 
binding of 3H-HYA to liver endothelial cells and liver 
endothelial cell membranes could be specifically inhibited 
by Fab-fragments of the antibodies. When we tried to 
isolate the receptor in large scale by affinity 
chromatography of proteins from purified liver 
endothelial cell membranes, the 100 kDa protein could 
often not be detected on immunoblots or by silver 
staining following SDS-PAGE of the eluted material. 
Instead, proteins with molecular masses of 55 and 15 
kDa were detected, but the antibodies reacted 
specifically with these proteins. Thus the 100 kDa 
protein is apparently susceptible to cleavage into distinct 
subcomponents. 
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Experimental cell research (UNITED STATES) Apr 
1990, 187 (2) p224-33 , ISSN 0014-4827 Journal 
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Recent biochemical and sequence data suggest a 
possible relationship between Pgp-1 (identical to 
CD44/Hermes l/p85) and a hyaluronic acid-binding 
function. Here, we have studied the hyaluronic 
acid-binding activity of a series of murine 
hematopoietic cell lines using several assays: cell 
aggregation by hyaluronic acid, binding of 
f luorescein-conjugated hyaluronic acid, and cell 
adhesion to hyaluronic acid-coated dishes. Certain 
Pgp-l-positive T and B cell lines show hyaluronic acid 
binding that is highly specific and is not competed for by 
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other glycosaminoglycans. Monoclonal antibodies 
against Pgp-1, but not antibodies against other major 
cell surface glycoproteins, inhibited hyaluronic 
acid-induced cell aggregation and cell adhesion to 
hyaluronic acid-coated dishes. Additionally, some 
anti-Pgp-1 antibodies inhibited binding of 
fluorescein-hyaluronic acid to hyaluronic acid-binding 
lines. We found no Pgp-1 -negative lines that bound, but 
many Pgp-l-positive cell lines did not bind hyaluronic 
acid. Two Pgp-l-positive thymomas that did not bind 
hyaluronic acid were induced by phorboi ester to bind 
hyaluronic acid with the same specificity as other 
hyaluronic acid-binding lines. Normal hematopoietic cells, 
including those which express high levels of Pgp-1, such as 
bone marrow myeloid cells and splenic lymphocytes, 
showed no detectable hyaluronic acid-binding activity. We 
discuss several models that might account for these 
observations: (1) the hyaluronic* *acid* *receptor* is 
Pgp-1, but it normally exists in an inactive state; (2) 
hyaluronic acid receptors are a subset of a family of 
molecules recognized by anti-Pgp-1 antibodies; (3) 
the hyaluronic* *acid* *receptor* is not Pgp-1, but 
is closely associated with Pgp-1 on the surface of cells 
which express hyaluronic acid-binding activity. 
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We have proposed that fibrin and hyaluronan (HA) 
are macromolecular regulators during inflammation and 
wound healing. Here we extend our studies to 
characterize the specific interaction between 
f ibrin(ogen) and HA. 1251-labelled HA (Mr 
approximately 32,000) was bound by plastic surfaces 
coated with human fibrinogen but not bovine serum 
albumin, ovalbumin, beta-lactoglobin or rabbit 
immunoglobulin G. 1251-labelled fibrinogen bound to a 
unique hexylamine derivative of HA coupled to 
Sepharose and was eluted specifically by HA 
oligosaccharides in a size-dependent manner. A dot blot 



assay, in which proteins are adsorbed to nitrocellulose 
and probed with 125I-HA, also showed specif ic binding 
to human fibrinogen. This assay was used to examine 
fibrinogens from other mammalian species. No specific 
125I-HA binding was observed with the protein from 
horse, rat or cow. Significant binding was detected 
with human, sheep, rabbit, dog, baboon, goat and 
pig fibrinogens. Thrombin-induced formation of fibrin 
clots is also affected by HA, which decreases the lag 
time before clotting and increases the rate of clot 
formation. The rate of fibrin polymerization increased 
over 500% in the presence of 60 microM HA. 
Furthermore, the structure of the fibrin gel, as assessed 
by light scattering, was altered by HA or chondroitin 
sulphate in a concentration-dependent manner. The 
results support the proposed wound-healing model and 
indicate that an increase in circulating HA levels could 
adversely affect haemostasis and increase the risk of 
thrombosis or bleeding. The interaction between HA 
and fibrinogen emphasizes the importance of the liver 
endothelial cell *HA* *receptor* in the removal of 
glycosaminoglycans from the blood. Cultured cells 
continuously endocytosing 125I-HA for 4 h reutilized 
their total cellular HA receptors at least once every 50 
min even in the presence of cycloheximide. This 
endocytotic receptor was therefore shown to be part of a 
recycling system. 
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Hyaluronic acid (HA) is cleared from the blood by liver 
endothelial cells through receptor-mediated endocytosis 
[Eriksson, Fraser, Laurent, Pertoft <& Smedsrod (1983) 
Exp. Cell Res. 144, 223-238]. We have measured the 
capacity of cultured rat liver endothelial cells to 
endocytose and degrade 125I-HA (Mr approximately 
44,000) at 37 degrees C. Endocytosis was linear for 3 h 
and then reached a plateau. The rate of 
endocytosis was concentration-dependent and reached a 
maximum of 250 molecules/s per cell. Endocytosis of 
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125I-HA was inhibited more than 92% by a 150-fold 
excess of non-radiolabelled HA. HA, chondroitin 
sulphate and heparin effectively competed for 
endocytosis of 125I-HA, whereas glucuronic acid, 
N-acetylglucosamine, DNA, RNA, polygalacturonic acid 
and dextran did not compete. In the absence of 
cycloheximide, endothelial cells processed 13 times more 
125I-HA in 6 h than their total (cell-surface and 
intracellular) specific HA-binding capacity. This result 
was not due to degradation and rapid replacement of 
receptors, because, even in the presence of 
cycloheximide, these cells processed 6 times more HA 
than their total receptor content in 6 h. Also, in the 
presence of cycloheximide, no decrease in 
125I-HA-binding capacity was seen in cells processing or 
not processing HA for 6 h, indicating that receptors are 
not degraded after the endocytosis of HA. During 
endocytosis of HA at 37 degrees C, at least 65% of the 
intracellular HA receptors became occupied with HA 
within 30 min. This indicates that the intracellular HA 
receptors (75% of the total) function during 
continuous endocytosis. Hyperosmolarity inhibits 
endocytosis and receptor recycling in the 
asialoglycoprotein and low-density-lipoprotein receptor 
systems by disrupting the coated-pit pathway [Heuser 
<& Anderson (1987) J. Cell Biol. 105, 230a; Oka A Weigel 
(1988) J. Cell. Biochem. 36, 169-183]. Hyperosmolarity 
inhibited 125I-HA endocytosis in liver endothelial cells 
by more than 90%, suggesting use of a coated-pit 
pathway by this *HA* *receptor*. We conclude that 
liver endothelial cell HA receptors are recycled during 
the continuous endocytosis and processing of HA. 
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1251-Hyaluronic acid (HA) uniquely modified only at 
the reducing end (Raja, R.H., LeBoeuf , R. D., Stone, 
G.W., and Weigel, P.H. (1984) Anal. Biochem. 139, 



168-177) binds specifically to rat liver endothelial cells in 
suspension or in culture. About 67-85% of the HA binding 
sites in isolated cells in suspension and 50% in cultured 
cells were intracellular, since they were exposed after 
permeabilizing cells with digitonin. Specific 125I-HA 
binding at 4 degrees C varied from 60 to 80% for intact 
cells and from 70 to 90% for permeabilized cells. 
Freshly isolated permeabilized cells bound about 
500,000 HA molecules/cell at saturation. Within 5 h of 
culture, however, total HA binding decreased to 250,000 
molecules/cells and then remained constant for at least 
36 h. Surface *HA* *receptor* activity was essentially 
the same on cultured cells or cells in suspension 
(approximately 10(5)/cell). Cultured cells had 1.8 x 
10(5) fewer intracellular receptors/cell. The affinities 
of surface and intracellular receptors of cells in culture 
and in suspension were essentially the same. The average 
Kd, determined by equilibrium binding studies, was 5.8 +/- 
2.8 x 10(-8) M (n = 12). Dissociation of bound 125I-HA 
from permeable cultured cells was rapid (tl/2 = 30.9 
min;kappa off = 3.7 x 10(-4) s-1). A variety of 
carbohydrates had essentially identical effects on 
125I-HA binding to surface or total cellular receptors in 
cells in culture or in suspension. Chondroitin sulfate and 
heparin competed almost as effectively as unlabeled HA 
for 125I-HA binding at 4 degrees C. Other 
saccharides including polygalacturonic acid, dextran, 
glucuronic acid, and N-acetylglucosamine competed poorly 
or not at all. We conclude that (i) the 125I-HA binding 
sites within liver endothelial cells are HA receptors, 
identical in affinity and specificity to those on the 
cell surface; (ii) the distribution of cellular HA 
receptors is similar to other receptor systems with about 
50-80% being intracellular; (iii) the liver endothelial cell 
*HA* * receptor* recognizes several glycosaminoglycans; 
and (iv) the liver endothelial receptor is different in 
function and characteristics than the fibroblast *HA* 
*receptor*. 

7/3,AB/120 (Item 1 from file: 34) 
DIALOG(R)File 34:SciSearch(R) Cited Ref Sci 
(c) 2002 Inst for Sci Info. All rts. reserv. 

09365475 Genuine Article#: 377QY Number of 
References: 0 Title: Regulation of the *hyaluronan* 
*receptor* CD44 by phosphorylation and cytoskeletal 
association 

Author(s): Legg JW; Lewis CA; Isacke CM 

Corporate Source: Univ London Imperial Coll Sci Technol 

A Med,London SW7 2AZ//England/ 

Journal: MOLECULAR BIOLOGY OF THE CELL, 2000, 

Vll, S (DEC), P477A-477A ISSN: 1059-1524 Publication 

date: 20001200 

Publisher: AMER SOC CELL BIOLOGY, 8120 
WOODMONT AVE, STE 750, BETHESDA, MD 



09/842930 Dialog 



8/6/02 



Page 53 



20814-2755 USA 

Language: English Document Type: MEETING 
ABSTRACT 



7/3,AB/121 (Item 2 from file: 34) 
DIALOG(R)File 34:SciSearch(R) Cited Ref Sci 
(c) 2002 Inst for Sci Info. All rts. reserv. 

09363551 Genuine Article#: 377QY Number of 
References: 0 Title: Localization of HARE - The 
*hyaluronan* *receptor* for endocytosis. 
Author(s): McGary CT; Zhou B; Duff B; Weigel PH; Weigel 
PH Corporate Source: Univ Rochester ,Med 
Ctr,Rochester//NY/14642; Univ Oklahoma,Hlth Sci 
Ctr .Oklahoma City//OK/73190 

Journal: MOLECULAR BIOLOGY OF THE CELL, 2000, 
Vll, 5 (DEC), P105A-106A ISSN: 1059-1524 Publication 
date: 20001200 

Publisher: AMER SOC CELL BIOLOGY, 8120 
WOODMONT AVE, STE 750, BETHESDA, MD 
20814-2755 USA 

Language: English Document Type: MEETING 
ABSTRACT 



7/3,AB/122 (Item 3 from file: 34) 
DIALOG(R)File 34:SciSearch(R) Cited Ref Sci 
(c) 2002 Inst for Sci Info. All rts. reserv. 

09160452 Genuine Articled 360JN Number of 

References: 0 Title: Characterization of the *hyaluronan* 

*receptor* for endocytosis (HARE). 

Author(s): Weigel PH; Zhou B; Weigel JA; McGary CT 

Corporate Source: UNIV OKLAHOMA ,HLTH SCI CTR, 

DEPT BIOCHEM A MOL BIOL/OKLAHOMA 

CITY//OK/73190; UNIV ROCHESTER, SCH MED, DEPT 

PATHOL/ROCHESTER//NY/14642 

Journal: GLYCOBIOLOGY, 2000, V10, N10 (OCT), P31-31 

ISSN: 0959-6658 Publication date: 20001000 

Publisher: OXFORD UNIV PkESS INC, JOURNALS DEPT, 

2001 EVANS RD, CARY, NC 27513 

Language: English Document Type: MEETING 

ABSTRACT 



7/3,AB/123 (Item 4 from file: 34) 
DIALOG(R)File 34: SciSearch(R) Cited R c f Sci 
(c) 2002 Inst for Sci Info. All rts. reserv. 

09070437 Genuine Articled 363FW Number of 
References: 46 Title: Expression of *hyaluronan* 
receptors CD44 and RHAMM in stomach cancers: 
relevance with tumor progression (ABSTRACT 
AVAILABLE) Author(s): Li H (REPRINT) ; Guo L; Li JW; 
Liu N; Qi R; Liu J Corporate Source: SHENYANG MED 



COLLDIV MOL BIOL/SHENYANG 110031//PEOPLES R 
CHINA/ (REPRINT) 

Journal: INTERNATIONAL JOURNAL OF ONCOLOGY, 
2000, V17, N5 (NOV), P927-932 ISSN: 1019-6439 
Publication date: 20001100 
Publisher: PROFESSOR D A SPANDIDOS, 1, S 
MERKOURI ST, EDITORIAL OFFICE, ATHENS 116 
35, GREECE 

Language: English Document Type: ARTICLE 
Abstract: Interactions of hyaluronic acid (HA) with its 
binding proteins CD44 and RHAMM (receptor for 
HA-mediating motility) have been proposed to be 
important in promoting tumor progression and 
dissemination. However, a comparative study of their 
expression patterns in stomach cancer and its 
associated lesions is not yet available. To address this 
issue, the combined examinations of pathology, 
immunocytochemistry and Western blot hybridization 
were performed on advanced gastric cancer specimens 
as well as their preneoplastic and non-cancerous 
counterparts. Alternative CD44 expression was observed 
in the gastric mucosa with different lesions. CD44 
proteins harboring variant exon 6 (CD44 v6) was 
detected only in cancer tissues with a total positive 
rate of 14% (10/74). Intracellular RHAMM molecules in 
Mr 93000 to 95000 were expressed in 3/31 
non-cancerous mucosa. RHAMM detection rates 
increased along with tumor progression. Irrespective of 
the differences of gross and morphological pattern, 
majority (54/74) of cancer cases expressed multiple 
RHAMM isof orms in Mr 40000-45000, 64000, 
70000-73000, 85000 and 93000-95000 with the 
appearance of cell surface immunocytochemical 
labeling. Among CD44 variant isof orms, v6 is more 
relevant with malignant transformation of gastric 
epithelium. Expression of RHAMM, especially the cell 
surface variants, is closely correlated with tumor 
progression (P<0.01), Expression of CD44 and RHAMM 
may benefit the invasion and metastasis of gastric cancer 
cells presumably in a reciprocal manner. 
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Abstract: Aim: Fibronectin and hyaluronan (HA) are 
involved in proliferation and migration of cells fron the 
adjacent tissue into the provisional granulation tissue 
matrix in wound healing. Therefore the aim of our 
study was to compare the expression pattern of the 
fibronectin and HA -receptors on fibroblasts in regular 
healing and chronic wounds. 

Methods: Biopsies from patients with regular open 
wound healing (n = 10) and chronic wounds (n = 10) were 
taken. A single cell suspension was double labeled with 
monoclonal antibodies and investigated by 
FACS-Analysis (Fibroblasts: FITC-labeled, alpha4 and 
alpha5 subunits of fibronectin receptors, 
GD44-*HA*-*receptor*: PE-labeled). The results 
include the percentage of positive fibroblasts and the 
mean fluorescence intensity. 

Results: Granulation tissue of normal and chronic 
human wounds showed a similar high distribution 
pattern of the *HA*- *receptor* CD44 on fibroblasts. 
The alpha4 and alphaS subunits of fibronectin 
receptors were significant increased in chronic wounds by 

their n umber of positive cells and mean fluorescence 
intensity. 

Conclusion: The high levels of CD44 positive 
fibroblasts explain the improved wound healing by HA 
in regular and chronic wounds. An altered matrix due to 
the increased presence of proteases in chronic wounds 
and the resulting digestion of the fibronectin matrix 
could explain the high expression of fibronectin 
receptors. 
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inflammatory lesions and could play a role in immune 
injury. The purpose of the present study was to 
examine CD44 and its ligands HA and osteopontin (Opn) in 
a murine model of tubulointerstitial nephritis (TIN). 

Methods. The expression of CD44 was investigated 
by immunofluorescence staining and RNA analysis in 
kidneys of kdkd mice with autoimmune TIN. The CD44 
expression was then correlated with the location of its 
ligands HA and Opn. 

Results. CD44 is expressed de novo by tubular 
epithelial cells (TEC) in areas of tubular injury in kdkd 
kidneys, but not in normal control kidneys. CD44 
positive lymphocytes and macrophages also infiltrate 
the kidney in kdkd mice. RT-PCR and Southern blot 
analysis demonstrate that transcripts encoding 
standard and variant forms of CD44 are increased in 
kdkd mice with TIN. In parallel the CD44 ligand HA 
also accumulates in kdkd kidneys in the interstitial space, 

particularly in cortical areas of tubular injury. 
Furthermore, the expression of the chemotactic 
protein Opn is enhanced in kdkd kidney, predominantly 
in areas of tubular injury. Opn mRNA expression also 
increases markedly in kdkd kidneys compared with normal 
kidneys, and correlates with disease severity. 

Conclusions. Prominent CD44 expression by TEC in 
areas of tubulointerstitial lesions is a characteristic 
feature of kdkd mice. The de novo appearance of CD44 
on injured TEC might allow interaction with the ligands 
HA and Opn in vivo. Interaction of CD44 with these 
ligands could participate in the tubulointerstitial 
inflammatory response in kdkd mice. 
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Language: ENGLISH Document Type: ARTICLE 
Abstract: The tyrosine kinase pp60(c-src) has been 
implicated as a regulator of focal adhesion formation 
and cell spreading. Here we show that c-src also 
regulates cell motility and is a key component in the 
signaling pathway triggered by the motogenic 
*hyaluronan* *receptor* RHAMM, which has been 
shown to regulate focal adhesion turnover and to 
regulate ras. Fibroblasts derived from mice lacking sre, 
(sre (-/-), have a random locomotion rate that is 
significantly slower than the corresponding wild-type 
fibroblasts. Cell locomotion in these mutant cells is 
restored by the expression of c-src containing a 
functional kinase domain, but not by the expression of a 
kinase-def icient sre or by a truncated sre containing only 
functional SH2 and SH3 domains. RHAMM is also 
required for the restoration of sre (-/-) cell 
locomotion. Thus, the motility of cells expressing c-src is 
reduced to sre (-/-) levels by anti-RHAMM blocking 
antibodies while the cell locomotion of sre (-/-) 
fibroblasts remains unaffected by anti-RHAMM 
antibodies. We predict that sre acts downstream of 
RHAMM in the regulation of motility, since the 
expression of a dominant negative sre significantly 
inhibits RHAMM-dependent ras and serum regulated cell 
locomotion, the expression of v-src enhances cell motility 
in a RHAMM independent fashion, and there is a 
physical and functional association between sre and 
RHAMM in ras-transformed cells. However, we suggest 
that RHAMM regulates focal adhesion turnover via 
additional sre-independent mechanisms. Thus, v-src is 
unable to turnover focal adhesions in the absence of 
RHAMM. These results directly demonstrate for the 
first time a role for sre in the regulation of cell 
locomotion and confirm a key and complex role for sre 
in the regulation of the actin cycle. 
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Language: ENGLISH Document Type: ARTICLE 
Abstract: A full-length human RHAMM cDNA clone was 
isolated by a combination of screening a human breast 
cDNA expression library with the murine RHAMM 2 
cDNA as well as 5' RACE and RT-PCR using messenger 
RNA from human breast cell line (MCF-10A). The 
full-length cDNA contained 725 aa that encoded an 84 
kDa protein. Although the coding region of the human 
RHAMM cDNA resembles the murine RHAMM v4, it has 
additional unique N-terminal (489 bp) and C-terminal (33 
bp) regions. Also, only 1 of 5 repeat sequences encoded 
in the murine cDNA are present in human cDNA. The 
overall homology between the overlapping region of 
human and mouse RHAMM v4 cDNA clone is 85%, but the 
HA binding motif (B[X(7)]B), shown to be critical for 
the signaling capability of this receptor, is 100% 
conserved. 
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P2309-2314 

ISSN: 0950-9232 

Language: ENGLISH Document Type: ARTICLE 
Abstract: CD44 is a transmembrane glycoprotein known 
to bind hyaluronic acid (HA) in its extracellular domain 
and to contain at least one ankyr in-binding site in its 
cytoplasmic domain. In this study we have examined 
CD44 expression in a mouse fibroblast cell line 
transfected with the pl85(neu) oncogene cDNA. The 
results of RT-PCR and Southern blot analyses reveal 
that CD44s (CD44 standard form) transcript is 
expressed in both pl85(neu)-transfected cells and 
untransfected cells. Using surface iodination, 
anti-CD44 immunoprecipitation and immune-binding 
assays, we have found that the number of CD44s 
molecules expressed on the surface of 
pl85(neu)-transfected cells are at least 4.5-fold 
higher than those detected on untransfected cells. 
Overexpress ion of surface CD44s in 
pl85(neu)-transfected cells results in a dramatic 
enhancement of HA-mediated cell adhesion. Scatchard 
plot analysis indicates that CD44s in 
pl85(neu)-transfected cells binds directly and 
specifically to ankyrin. The binding affinity between 
CD44s and ankyrin in pl85(neu)-transf ected cells (K-d 
approximate to 0.19 nM) appears to be somewhat 
higher than that found in the untransfected cells (K-d 
approximate to 0.30 nM). Double immunofluorescence 
staining and confocal microscopic analyses indicate that 
HA induces the *HA* Veceptor* (i.e. CD44s) to form 
adhesion plaque-like structures, and causes an 
accumulation of intracellular ankyrin directly 
underneath *HA* *receptor* (CD44s)-adhesion 
plaque-like structures in pl85(neu)-transfected cells 
(but not in untransfected cells). These findings suggest 
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that overexpression of CD44s and up-regulation of 
CD44s-ankyrin interaction by pl85(neu) oncogene may 
be one of the pre-requisite steps in regulating tumor 
cell behavior. 
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Journal: JOURNAL OF CELL BIOLOGY, 1995, V131, N6 
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Language: ENGLISH Document Type: ARTICLE 
Abstract: The hyaluronan (HA)-binding function (lectin 
function) of the leukocyte homing receptor, CD44, is 
tightly regulated. Herein we address possible 
mechanisms that regulate CD44 isoform-specif ic Hii 
binding. Binding studies with melanoma transfectants 
expressing CD44H, CD44E, or with soluble 
immunoglobulin fusions of CD44H and CD44E 
(CD44H-Rg, CD44E-Rg) showed that although both CD44 
isoforms can bind HA, CD44H binds HA more 
efficiently than CD44E. Using CD44-Rg fusion proteins 
we show that the variably spliced exons in CD44E, 
V8-V10, specifically reduce the lectin function of 
CD44, while replacement of V8-V10 by an ICAM-1 
immunoglobulin domain restores binding to a level 
comparable to that of CD44H. Conversely, CD44 bound 
HA very weakly when exons V8-V10 were replaced with 
a CD34 mucin domain, which is heavily modified by 
O-linked glycans. Production of CD44E-Rg or incubation of 

CD44E-expressing transfectants in the presence of an 
O-linked glycosylation inhibitor restored HA binding to 
CD44H-Rg and to cell surface CD44H levels, 
respectively. We conclude that differential splicing 
provides a regulatory mechanism for CD44 lectin function 
and that this effect is due in part to O-linked 
carbohydrate moieties which are added to the Ser/Thr 
rich regions encoded by the variably spliced CD44 
exons. Alternative splicing resulting in changes in protein 
glycosylation provide a novel mechanism for the 
regulation of lectin activity. 
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Journal: JOURNAL OF IMMUNOLOGY, 1995, V155, N8 
(OCT 15), P3938-3945 ISSN: 0022-1767 
Language: ENGLISH Document Type: ARTICLE 
Abstract: CD44 molecules are cell surface receptors for 
hyaluronan (HA). To define regions of the extracellular 
domain of CD44 that are important for HA binding, we 
have studied the ability of HA-blocking CD44 mAbs to 
bind to CD44 from a variety of sources. Five CD44 mAbs 
(5F12, BRIC235, 3F12, BU-75, and HP2/9) of 21 
studied were identified that at least partially blocked 
FITC-labeled HA (HA-FITC) binding to the standard 
form of CD44 (CD44S) in CD44-transfected jurkat cells. 
Analysis of reactivity of HA-blocking CD44 mAbs 
defined three distinct epitopes. Lack of reactivity of 
mAb 5F12 with a CD44 fusion protein (CD44-Rg) 
containing an N-terminal truncation of 20 amino acids 
(aa), as well as reactivity of mAb 5F12 with an 
N-terminal CD44 synthetic peptide (CD44-9A), 
demonstrated that the N-terminal proximal region of 
CD44 (aa 1 to 20) was involved in mAb 5F12 binding. A 
mutant cell line, CEM-NKR, derived from the T-ALL cell 
line, GEM, did not bind mAb 5F12 nor bind HA, whereas 
wild-type CEM did bind mAb 5F12 and HA. Sequence 
analysis of wild-type CEM and CEM-NKR CD44 cDNA 
demonstrated a G to A point mutation at position 575 
in the CD44 cDNA of CEM-NKR, resulting in an arginine 
to histidine mutation at aa position 154. Taken together, 
our studies demonstrated that there are three 
epitopes to which HA-blocking mAbs bind in the 
extracellular domain of CD44, and that the CD44 
N-terminal proximal and central regions are two regions in 
the extracellular domain of CD44 that may interact 
and either mediate or regulate HA binding to cell 
surface CD44. 
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Language: ENGLISH Document Type: ARTICLE 
Abstract: Although CD44 is expressed on a wide variety 
of cell types, few of them use it to recognize the ligand 
hyaluronan (HA). A glycosylation-def ective clone of 
Chinese hamster ovary cells (Lee and) bound HA, 
demonstrating that complete processing of glycoproteins 
with addition of a full complement of sialic acid is not 
required. On the contrary, subsequent findings 
revealed that complex sugars on CD44 can actually 
inhibit ligand recognition. Two subclones of wild-type 
Chinese hamster ovary cells with similar amounts of 
surface CD44 were isolated on the basis of HA binding 
and found to differ with respect to CD44 size as well 
as staining with fluorescent lectins. Treatment of the 
nonbinding clone with tunicamycin reduced the size of the 
protein and allowed the cells to recognize HA via CD44. 
This function was also induced by treatment with 
deglycosylating enzymes (either a mixture of 
endoglycosidase F and N-glycosidase F or neuraminidase 
alone). A possible role for glycosylation in regulation of 
adhesion was then sought with a series of normal and 
transformed murine cells. Disruption of glycosylation or 
treatment with deglycosylating enzymes did not induce 
ligand binding in an interleukin 7-dependent pre-B cell line, 

and splenic B cells also appeared to be in an inactive 
state. Some normal B cells acquired the ability to 
recognize HA after stimulation with lipopolysaccharide 
or interleukin 5 and had distinctive surface 
characteristics (loss of immunoglobulin D and acquisition 
of CD43). An additional subset of activated cells might 
have been in a transitional state, because the cells 
bound ligand after neuraminidase treatment. The 
ligand-binding ability of a purified CD44-immunoglobulin 
fusion protein dramatically increased after 
neuraminidase treatment. Thus, differential 
glycosylation of this molecule is sufficient to influence 
its recognition function. Cell adhesion involving HA can be 



regulated by multiple mechanisms, one of which involves 
variable glycosylation of CD44. 
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RECOGNITION (Abstract Available) 
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INST/SAN DIEGO//CA/92186; INST ANIM 
HLTH/WOKING/SURREY/ENGLAND/; UNIV 
WASHINGTON, DEPT BIOL 
STRUCT/SEATTLE// WA/98 195 
Journal: JOURNAL OF CELL BIOLOGY, 1995, V130, N2 
(JUL), P485-495 ISSN: 0021-9525 
Language: ENGLISH Document Type: ARTICLE 
Abstract: Antibodies to CD44 have been used to inhibit a 
variety of processes which include lymphohemopoiesis, 
lymphocyte migration, and tumor metastasis. Some, but 
not all, CD44-mediated functions derive from its ability 
to serve as a receptor for hyaluronan (HA). However, 
sites on CD44 that interact with either ligands or 
antibodies are poorly understood. Interspecies 
rat/mouse CD44 chimeras were used to analyze the 
specificity of 25 mAbs and to determine that they 
recognize at least seven epitopes. Amino acid 
substitutions that resulted in loss of antibody 
recognition were all located in the region of homology to 
other cartilage link family proteins. While at least five 
epitopes were eliminated by single amino acid 
replacements, multiple residues had to be changed to 
destroy binding by other antibodies. One antibody was 
sensitive to changes in any of three separate parts of the 
molecule and some antibodies to distinct epitopes 
cross-blocked each other. Certain antibodies had the 
ability to increase HA binding by lymphocytes but this 
did not correlate absolutely with antibody specificity and 
was only partially attributable to CD44 cross-linking. 
Antibodies that consistently blocked HA recognition 
were all sensitive to amino acid changes within a short 
stretch of CD44. Such blocking antibodies interacted 
with CD44 more strongly than ligand in competition 
experiments. One large group of antibodies blocked ligand 
binding, but only with a particular cell, line. This 
detailed analysis adds to our understanding of 
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functional domains within CD44 and requirements for 
antibodies to influence recognition of one ligand. 
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Journal: ANALYTICAL BIOCHEMISTRY, 1995, V228, N2 
(JUL 1), P299-306 ISSN: 0003-2697 
Language: ENGLISH Document Type: ARTICLE 
Abstract: The glycosaminoglycans hyaluronan (HA), 
heparin, and chondroitin sulfate were biotinylated using 
biotin-x-hhydrazide 

(biotin-epsilon-aminocaproyl hydrozyde) in conjunction 
with N-ethyl-N'-(3-dimethylaminopropyl)carbodiimide 
hydrochloride, an activating agent for carboxyl groups. 
The biotin-x-hydrazide was shown to be coupled 
directly to the glycosaminoglycans in enzymatic 
digestions and competition experiments. The biotinylated 
HA was shown to bind to link protein and receptor for 
hyaluronic acid-mediated motility, two proteins known 
to bind HA. The labeled HA was used as a probe to 
detect known HA-binding proteins in chicken cartilage 
extract and to identify new HA-binding motifs in the 
G3 domain of the proteoglycan aggrecan. The 
significance of the biotinylation of HA, heparin, and 
chondroitin sulfate A are discussed. (C) 1995 Academic 
Press, Inc. 
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Journal: BIOTECHNIQUES, 1995, V19, Nl (JUL), P122A 
ISSN: 0736-6205 

Language: ENGLISH Document Type: ARTICLE 
Abstract: A convenient and reliable method for preparing 
and using biotinylated hyaluronan for detection of 
hyaluronan-binding proteins is described. The 
biotinylated hyaluronan can be used to detect binding 
proteins in transblots after electrophoresis or as a 
histological probe for localization of binding proteins in 
cultured cells and tissue sections. 
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PROTEOGLYCANS IN THE DEVELOPING 
CEREBRAL-CORTEX - THE DISTRIBUTION OF 
NEUROCAN DISTINGUISHES FORMING AFFERENT 
AND EFFERENT AXONAL PATHWAYS (Abstract 
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P 615-628 
ISSN: 0021-9967 

Language: ENGLISH Document Type: REVIEW 
Abstract: The first thalamocortical axons to arrive in the 
developing cerebral cortex traverse a pathway that is 
separate from the adjacent intracortical pathway for 
early ef ferents, suggesting that different molecular 
signals guide their growth. We previously demonstrated 
that the intracortical pathway for thalamic axons is 
centered on the subplate (Bicknese et al. [1994] J. 
Neurosci. 14:3500-3510), which is rich in chondroitin 
sulfate proteoglycans (CSPGs; Sheppard et al. [1991] J. 
Neurosci. 11:3928-3942), whereas efferent axons cross 
the subplate to exit in a zone containing much less 
CSPG. To define the molecular composition of the 
subplate further, we used antibodies against CSPG core 
proteins and chondroitin sulfate disaccharides in an 
immunohistochemical analysis of their distribution in the 
developing neocortex of the rat. Immunolabeling for 
neurocan, a central nervous system-specific CSPG 
(Rauch et al. [1992] J. Biol. Chem. 267:19537-19547), 
and for chondroitin 6-sulfate and unsulfated 
chondroitin becomes prominent in the subplate before the 
arrival of thalamic afferents. Immunolabeling is initially 
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sparse in the cortical plate but appears later in 
maturing cortical layers. A postnatal decline in 
immunolabeling occurs uniformly for most proteoglycans, 
but, in the somatosensory cortex, labeling for 
neurocan, phosphacan, and chondroitin 4- and B-sulfate 
declines in the centers of the whisker barrels before 
the walls. In contrast to neurocan, immunolabeling for 
other proteoglycans is either uniformly distributed 
(syndecan-1, N-syndecan, 5F3, phosphacan, chondroitin 
4-sulfate), restricted to axons (PGM1), distributed 
exclusively on nonneuronal elements (2D6, NG2, and 
CD44), or undetectable (9.2.27, aggrecan, decorin). Thus, 

neurocan is a candidate molecule for delineating the 
intracortical pathway of thalamocortical axons and 
distinguishing it from that of cortical efferents. (C) 
1995 Wiley-Liss, Inc. 
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1995, V25, N2 (FEB), P495-501 ISSN: 0014-2980 
Language: ENGLISH Document Type: ARTICLE 
Abstract: The hyaluronan (HA) binding activity of mutant 
CD44 constructs expressed in AKR1 T-lymphoma cells 
was evaluated by flow cytometry using 
f luorescein-conjugated HA (FI-HA), Previous studies 
showed that wild-type hematopoietic CD44 bound 
FI-HA when expressed in AKR1, but that truncated 
"tailless" CD44, lacking all but six amino acids of the 
cytoplasmic domain, did not bind. Here,we show that a 
disulf ide-bonded dimer of CD44, formed by substituting 
the transmembrane region of CD3 xi chain for that of 
CD44, binds FI-HA, even when the cytoplasmic domain 
of the CD44 dimer is absent. We conclude that 
dimerization of CD44 abrogates the requirement for the 
cytoplasmic domain, suggesting that the cytoplasmic 
domain of CD44 may contribute to HA binding by 
promoting CD44 clustering. These results suggest that 
changes in the distribution of CD44 on the cell surface, 
induced by molecular interactions either from within the 
cell or from outside, may regulate its role as a 
receptor. 

Further studies sought to localize the region of the 



CD44 cytoplasmic domain contributing to HA binding by 
the construction of a series of cytoplasmic domain 
truncation mutants and internal deletion mutants. All of 
the mutant CD44 molecules bound FI-HA similarly to 
wild-type CD44. Thus, it was not possible to assign the 
function mediating HA binding to a specific region of 
the cytoplasmic domain, suggesting either that multiple 
regions of the cytoplasmic domain can promote 
enhancement of HA binding, or that the role of the 
cytoplasmic domain in mediating this function does not 
require a specific amino acid sequence. 

7/3,AB/158 (Item 39 from file: 34) 
DIALOG(R)File 34:SciSearch(R) Cited Ref Sci 
(c) 2002 Inst for Sci Info. All rts. reserv. 

03986311 Genuine Arttcle#: QM915 Number of 
References: 0 Title: AGE-RELATED-CHANGES IN THE 
EXPRESSION OF *HYALURONAN* *RECEPTOR* - 
CD44 - AND HYALURONATE SYNTHASE IN HUMAN 
TRABECULAR MESHWORK 

Author(s): MAYANIL CSK; GOOSSE^S W; KNEPPER PA 
Corporate Source: NORTHWESTERN UNIV,SCH 
MED,OCULOCEREBROSPINAL INVEST 
LA B/CHIC AGO//IL/606 1 1 

Journal: INVESTIGATIVE OPHTHALMOLOGY <& VISUAL 
SCIENCE, 1995, V36, N4 (MAR 15), PS129 
ISSN: 0146-0404 
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Abstract: Fibroblast-like type B cells are known to 
produce hyaluronic acid (HA), but the process of its 
degradation remains unknown, In order to examine the 
possible route for the degradation of HA in normal human 

synovium, histochemical and immunohistochemical 
techniques were applied to the synovial tissue, using 
biotinylated HA binding region (HA BR) and antibodies 
against CD44 and cathepsin B, Reaction products for HA 
and CD44 were detected on the cell surface of all 
synovial lining cells, while half of these lining cells 
contained intracellular stainings of HA and CD44, 
Electron microscopically, the lining cells containing 
intracellular^ stained HA and CD44 extended cytoplasmic 
processes (type A cells), while the other lining cells 
possessed a smooth cell surface (type B cells), By light 
microscopic double staining, the intracellular stainings 
of HA and CD44 appeared co-localized in the cells 
immunopositive for cystatin beta, an endogenous cysteine 

proteinase inhibitor which has been shown to be 
localized in alveolar macrophages and osteoclasts. 
Moreover, these intracellular stainings of HA and CD44 
were co-localized with immunodeposits for cathepsin B, a 
representative cysteine proteinase in lysosomes, In the 
extracellular staining of HA, dot-like reaction products 
appeared on fibrous structures with a periodicity of 
41.7 nm, These results suggest that Type A cells in the 
normal human synovium participate in the degradation 
of HA by its CD44 mediated intake, Furthermore, HA may 
be closely associated with fibrous structures, probably 
type III collagen molecules. 
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Author(s): FERNS GAA; KONNEH M; RUTHERFORD C; 
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P157-164 ISSN: 0021-9150 
Language: ENGLISH Document Type: ARTICLE 
Abstract: Hyaluronan is a glycosaminoglycan, elaborated 
by several cell types, and is a major constituent of the 
extracellular matrix. Recent studies suggest that 
hyaluronan influences cell migration and proliferation. 
At high concentrations, it has been shown to inhibit 
macrophage migration in vitro. We have investigated the 
effects of hyaluronan administration on neo-intimal 
lesion development following balloon catheter injury of 
the common carotid artery in the cholesterol-fed New 
Zealand White rabbit. Hyaluronan, administered as 
sodium hyaluronate at the time of surgery and daily until 
sacrifice, 2 weeks later, reduced the absolute 
neo-intimal response to injury by 42% (117 +/- 16 mu m 
to 68 +/- 11 mu m; P < 0.05), and the intima-media ratio 
by 35% (0.91 +/- 0.10 to 0.59 +/- 0.11; P < 0.05). This was 
associated with a 62% reduction in intimal macrophage 
content (8.63 +/- 1.85% to 3.25 +/- 1.05%; P < 0.02). At 
the time of killing, serum cholesterol levels and weight 
gain were comparable between the groups of animals 
receiving a cholesterol diet (P > 0.05). In both groups 
mean serum cholesterol levels at the time of the 
balloon injury and killing were significantly greater than 
at entry (P < 0.001), and significantly higher than in a 
group receiving control chow (P < 0.001). These data 
suggest that the effect of hyaluronic acid on neo-intimal 
size may be mediated, in part, by an inhibition of 
monocyte/macrophage influx, and support the view that 
hyaluronan impairs monocyte migration. 
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(APR 15), P4073-4080 ISSN: 0022-1767 
Language: ENGLISH Document Type: ARTICLE 
Abstract: We examined the effect oi hyaluronic acid in 
promoting proliferation of undifferentiated progenitor 
cells through the CD44 receptor during eosinopoiesis in 
vitro. Undifferentiated umbilical cord blood cells were 
purified on the first day to isolate primitive progenitor 
cells expressing the CD34 hemopoietic surface marker. 
Culture in wells coated with 100 mu g/ml hyaluronic acid 
caused a 198 +/- 28.7% augmentation of proliferation 
of CD34(+) progenitor, cells at 3 wk (p < 0.01). By 
contrast, concentrations of hyaluronic acid >10 mu g/ml 
inhibited proliferation of unfractionated cord blood 
mononuclear cells. The augmented proliferation of 
precursor cells caused by hyaluronic acid was 
associated with complete (93.0 +/- 5.12%) 
differentiation to eosinophil morphology. By contrast, 
concentrations of hyaluronic acid greater than or equal 
to 10 mu g/ml inhibited eosinophilic differentiation of 
unfractionated mononuclear cells. Wright-Giemsa 
staining demonstrated 95.4 +/- 2.92% eosinophils for 
CD34(+) cells cultured for 3 wk without hyaluronic acid 
(control) and 93.8 +/- 5.11% for CD34(+) cells cultured 
in hyaluronic acid-coated wells (100 mu g/ml); for 
unfractionated cells, 94.0 +/- 3.02% demonstrated 
eosinophilic morphology in control wells at 3 wk vs 55.4 
+/- 8.34% in hyaluronic acid-coated (100 mu g/ml) wells (p 
< 0.05). Augmented proliferation caused by hyaluronic 
acid was attenuated completely by the anti-CD44 
mAbs, 212.3 and IM7.8.1. Pretreatment of CD34(+) 
cells with 5 mu g/ml 212.3 inhibited the augmented 
proliferation caused by the optimal concentration of 
hyaluronic acid (100 mu g/ml) from 260 +/- 39.2% of 
control growth to 114 +/- 16.4% of control growth (p - 
0.02). Inhibition was comparable for IM7.8.1. Control 
mAb (LM2) to the beta(2) integrin subunit CD lib had no 
effect on proliferation induced by hyaluronic acid. We 
demonstrate that hyaluronic acid stimulates the 
growth of CD34(+) selected umbilical cord blood cells 
into specifically differentiated mature eosinophils. This 
process is modulated by the CD44 receptor on the 
progenitor cell population. 
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PROTEOGLYCANS AND *HYALURONAN* DURING 

WOUND-HEALING (Abstract Available) 

Author(s): OK5ALA O; SALO T; TAMMI R; HAKKINEN L; 

JALKANEN M; INKI P; LARJAVA H 

Corporate Source: UNIV BRITISH COLUMBIA, DEPT 
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Journal: JOURNAL OF HISTOCHEMISTRY A 

CYTOCHEMISTRY, 1995, V43, N2 (FEB), P 125-135 

ISSN: 0022-1554 

Language: ENGLISH Document Type: ARTICLE 
Abstract: We investigated the expression of 
proteoglycans (PGs) and hyaluronan (HA) during healing 
of human mucosal wounds, Biopsy specimens of 
experimental wounds were taken 1,3, and 7 days after 
wounding, Frozen sections were used for 
immunolocalization of CD44, syndecan-1, basement 
membrane-associated heparan sulfate proteoglycan 
(BM-HSPG), decorin, and biglycan, HA was localized in 
paraffin sections with a specific HA-binding probe, 
Epithelium showed first signs of migration on Day 1, 
more progressive migration on Day 3, and epithelial 
sheets confronted on Day 7, CD44 surrounded migrating 
keratinocytes at all stages of wound healing, In 
epithelium, CD44 and HA remarkably localized to the 
same region, Expression of syndecan-1 was switched 
from the suprabasal cell layer of unwounded epithelium to 
the basal cell layer of the migrating wound epithelium, 
BM-HSPG was absent under migrating keratinocytes. It 
started to reappear at the basement membrane zone 
on Day 7, The area under the wound epithelium containing 
newly synthesized collagen fibers first became positive 
for decorin on Day 7, whereas staining of biglycan was 
negative. Granulation tissue was also strongly positive 
for CD44 and hyaluronan. Our results indicate that 
migrating keratinocytes express both CD44 and 
syndecan-1 but not BM-HSPG, During differentiation of 
keratinocytes, expression of CD44 preceded that of 
syndecan-1, The results suggest that different HSPGs 
have multiple functions in keratinocyte migration and 
differentiation during reepithelialization. 
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Journal: CANCER RESEARCH, 1995, V55, N2 (JAN 15), 
P428-433 ISSN: 0008-5472 
Language: ENGLISH Document Type: ARTICLE 
Abstract: In the present study, we examined the 
metastatic potential of tumor cells expressing 
different levels of cell surface hyaluronan. We used 
flow cytometry to isolate subsets of the B16-F1 mouse 
melanoma cell line that expressed either high (HA-H) 
or low (RA-L) amounts of hyaluronan on their surfaces. 
These two subsets of cells showed a 32-fold 
difference in the amount of cell surface hyaluronan, due 
to its rate of synthesis. However, these cell Lines did 
not differ from each other with regard to their in 
vitro growth rates, susceptibility to natural 
killer-mediated cytotoxicity, or the expression of the cell 

surface proteins CD44, ICAM-1, and GMP-140. When 
these cells were injected s.c, they both formed s.c. 
tumors of approximately the same size. However, when 
injected into the tail vein of mice, the HA-H cells 
formed a greater number of nodules in the lungs and 
caused a faster rate of mortality than the HA-L cells. 
The presence of hyaluronan did enhance the 
interaction of the HA-H cells with cultured endothelial 
cells that expressed CD44. Thus, it is possible that 
enhanced interactions between hyaluronan and CD44 
promoted the formation of tumor embolisms which, in 
turn, increased the chances that the tumor cells would 
be trapped in the lungs. Taken together, these results 
suggest that hyaluronan may play a critical role in the 
process of tumor metastasis. 
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PROGRESS IN HISTOCHEMISTRY AND 
CYTOCHEMISTRY, 1994, V29, N2, Pl-77 ISSN: 
0079-6336 

Language: ENGLISH Document Type: REVIEW 
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OF ADHESION MOLECULES, CD44(+) L-SELECTIN(-), 
ON INTERMEDIATE TCR CELLS IN THE LIVER AND 
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'HYALURONIC* -ACID (Abstract Available) 
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UNIV,SCH MED,DEPT ORTHOPED/NIIGATA// JAPAN/ 
Journal: IMMUNOLOGY, 1995, V84, Nl (JAN), P64-71 
ISSN: 0019-2805 

Language: ENGLISH Document Type: ARTICLE 
Abstract: In addition to thymus-derived T cells, it was 
demonstrated recently that extrathymically 
differentiated T cells exist in the liver and other 
immune organs of mice. Since such extrathymic T cells 
have T-cell receptors (TCR) of intermediate intensity 
(i.e. intermediate TCR cells) and constitutively express 
IL 2 receptor beta-chain (IL-2R beta) similar to 
natural killer (NK) cells, they are easily distinguished 
from thymus-derived T cells with a TCR-bright(+) IL-2R 
beta(-) phenotype (i.e. bright TCR cells). In the present 
study, the expression of adhesion molecules CD44 and 
L-selectin was compared between these T-cell subsets. 
Intermediate TCR cells in the liver and other organs 
were found to be CD44(+) L-selectin(-) and, inversely, 
bright TCR cells were CD44(-) L-selectin(+). CD3(-) 
IL-2R beta(+) NK cells were also estimated to be 
CD44(+) L-selectin(-). Hyaluronic acid, which is known 
to adhere to a CD44 ligand, bound to intermediate TCR 
cells, but not to bright TCR cells. Among many 
extracellular matrices, hyaluronic acid induced a 
prominent decrease in the numbers and proportions of 
intermediate TCR cells and NK cells in the liver from 6 to 
24 hr after in vivo administration. The half-life span of 
injected hyaluronic acid was approximately 7 hr in the 
plasma. These results suggest that the CD44 molecule, 
which is uniquely expressed on intermediate TCR cells 
and NK cells, is eventually associated with their adhesion 
to the sinusoidal walls in the liver. 
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(NOV), P3183-3190 ISSN: 0021-9533 
Language: ENGLISH Document Type: ARTICLE 
Abstract: Epican is a heparan/chondroitin sulfate 
proteoglycan form of CD44 and is expressed on the 
surface of keratinocytes from the basal layer to the 
granular layer of the epidermis. To analyze the adhesive 
properties of epican apart from the influence of other 
adhesive molecules found on keratinocytes, mouse L cell 
fibroblasts were transfected with CD44Epican cDNA. 
The epican expressed on the surface of transfected L 
cells was predominantly a heparan or chondroitin 
sulfate proteoglycan. 

The CD44Epican-transfected L cells acquired: (a) a 
self-aggregating phenotype that required hyaluronan 
but was calcium-independent; and (b) a new capacity to 
adhere to keratinocytes, a property that was blocked 
by an anti-epican antibody. Both aggregation and adhesion 
of CD44Epican-transfected cells were completely 
prevented by pretreatment with hyaluronidase, but 
were totally restored by the addition of exogenous 
hyaluronan, Aggregation of transfected L cells was 
minimally influenced by other glycosaminoglycans, but 
adhesion of transfected L cells to keratinocytes was 
substantially inhibited by heparin. 

The ability of epican to mediate adhesion between 
keratinocytes was evaluated in a newly developed 
adhesion assay, In the presence of 0.03 mM calcium, a 
monoclonal antibody against epican inhibited keratinocyte 
adhesion to keratinocyte monolayers by 80%. 

These data demonstrate that epican causes adhesion 
and aggregation in the transfected L cell model system, 
that the adhesive function of epican is 
hyaluronan-dependent, and that epican could have an 
adhesive function in intact epidermis. 
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Journal: TETRAHEDRON-ASYMMETRY, 1994, V5, Nil 
(NOV), P2291-2301 ISSN: 0957-4166 
Language: ENGLISH Document Type: ARTICLE 
Abstract: The synthesis is reported of 4-methoxyphenyl 

0-(2-acetamido-2-deoxy-beta-D-glucopyranosyl)-(l-->4)-b 
eta-D-glucopyran osyluronic acid (1) and 
4-methoxyphenyl 

0-2-acetamido-2-deoxy-beta-D-glucopyranosyl)-(l~>4)-0 
-(beta-D-glucopyr anosyluronic 

acid)-(l—>3)-0-(2-acetamido-2-deoxy-beta-D-glucopyrano 
syl)- (1— >4-beta-D-glucopyranosyluronic acid (5), which 
represent structural elements of hyaluronic acid. 

3,4,6-Tri-0-acetyl-2-deoxy-2-phthalimido-beta-D-glucopy 
ranosyl trichloroacetimidate (3) was condensed with 
4-methoxyphenyl 

6-0-levulinoyl-2,3-di-0-p-toluoyl-beta-D-glucopyranoside 
(4) in dichloromethane, using boron trif luoride etherate 
as a promoter, yielding 4-methoxyphenyl 

0-(3,4,6-tri-0-acetyl-2-deoxy-2-phthalimido-beta-D- 

glucopyranosylyl)-(l~>4)6-0-levulinoyl-2,3-di-0-p-toluoyl- 
beta-D-gluco pyranoside (2). Subsequent 
delevulinoylation, oxidation, complete deprotection, and 
N-acetylation gave 1. Coupling of 

3-0-allyloxycarbonyl-2-deoxy-4,6-0-isopropylidene-2-pht 
halimido- beta-D-glucopyranosyl trichloroacetimidate 
(9) with 4, followed by de-allyloxycarbonylation of the 
obtained disaccharide derivative gave 4-methoxyphenyl 
0-(2-deoxy-4,6-0-isopropylidene-2-phthalimido-beta-D- 

glucopyranosyl)-(l— >4)-6-0-levulinoyl-2,3-di-0-p-toloyl-be 
ta-D-glucopy ranoside (8). Demethoxyphenylation and 
subsequent imidation of 2 afforded 
0-(3,4,6-tri-0-acetyl-2-deoxy-2-phthalimido-beta-D- 
glucopyranosyl)-(l-->4)-6-0-levulinoyl-2,3-di-0-p-toluoyl-a 
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Ipha/beta-D- glucopyranosylucopyranosyl 
trichloroacctimidate (7). Condensation of 7 and 8 in 
dichloromethane, with trimethylsilyl 
trif luoromethanesulfonate as a promoter, gave 
tetrasaccharide derivative 15. Subsequent 
de-isopropylidenation, O-acetylation, delevulinoylation, 
oxidation, complete deprotection, and N-acetylation 
yielded 5. 

7/3,AB/169 (Item 50 from file: 34) 
DIALOG(R)File 34:SciSearch(R) Cited Ref Sci 
(c) 2002 Inst for Sci Info. All rts. reserv. 

03596978 Genuine Article#: PQ184 Number of 
References: 7 Title: CD44 MEDIATES 
*HYALURONAN*-BINDING BY HUMAN MYELOID KG1A 
AND KG1 CELLS (Abstract Available) 
Author(s): MORIMOTO K; ROBIN E; LI Y; LEGRAS 5; 
LEBOUSSEKERDILES MC; CLAY D ; JASMIN C; 
SMADJAJOFFE F 
Corporate Source: HOP PAUL 

BROUSSE,INSERM,U268,UNITE ONCOGENESE APPL,14 
AVE PAUL VAILLANT COUTURIER/F-94800 
VILLEJUIF//FRANCE/; HOP PAUL 
BROUSSE,INSERM,U268,UNITE ONCOGENESE 
APPL/F-94800 VILLEJUIF// FRANCE/ Journal: 
BULLETIN DU CANCER, 1994, V81, Nil (NOV), P949-951 
ISSN: 0007-4551 

Language: FRENCH Document Type: ARTICLE 
Abstract: Hyaluronan-binding function of the CD44 
molecule has not been so far detected in myeloid cells. 
In order to study pure populations of primitive myeloid 
cells, we investigated the hyaluronan-binding function 
of the CD44 molecule from three myeloid cell lines: KGla 
KG1 and HMO. Both KGla and KG1 cells express the 
CD34 antigen characteristic of the hematopoietic stem 
cells, and HL60 cells do not; accordingly, KGla and KG1 
cells are generally considered as the most primitive, 
and HL60 cells as the mast mature of these cell lines. 
Measurement of cell adhesion to hyaluronan-coated 
surfaces, using Cr-51-labeled cells, and of aggregate 
formation in 

hyaluronan-containing solutions, showed that 45% of 
KG1 cells and 22-24% of KGla spontaneously bind to 
hya[uronan whereas HMO cells do not, either 
spontaneously or after treatment with a phorbol ester. 
Hyaluronan binding by KGla and KG1 cells is mediated by 
CD44, because if is specifically abolished by monoclonal 
antibodies to this molecule. The binding might require 
phosphorylation by protein kinase C, and perhaps also 
by protein kinase A, because it is prevented by 
staurosporine, that inhibits these enzymes. TPA, that 
activates protein kinase C, rises to 80% the proportion 
of KG1 and KGla cells which bind hyaluronan; this 
activation is dependent on protein synthesis for it is 



abrogated by cyclophosphamide, a protein synthesis 
inhibitor. Binding of TPA-treated cells to hyaluronan is 
only partly inhibited by monoclonal antibody to CD44: 
this suggests that TPA may induce synthesis of a 
hyaluronan-binding protein distinct from CD44. 
Considering the abundance of hyaluronan in human 
bone-marrow, these results suggest that CD44 may be 
involved in mediating precursor-stroma interaction. 
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03511395 Genuine Article#: PJ472 Number of 
References: 36 Title: THE FORMATION OF HUMAN 
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INTERZONE COHESION (Abstract Available) 
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ANATOMY, 1994, V185, OCT (OCT), P355-367 ISSN: 
0021-8782 

Language: ENGLISH Document Type: ARTICLE 
Abstract: During fetal development, cavitation occurs 
within the primitive skeleton along planes destined to 
become the articular surfaces of synovial joints. A 
histochemical study of human fetal limbs was 
undertaken to identify the cell types involved in this 
cavitation, and the possible role of interactions 
between cells and extracellular matrix. Cryostat 
sections were stained with antibodies to CD68, factor 
VIII related antigen, prolyl hydroxylase, beta 1 integrin, 
VCAM-1, proliferating cell nuclear antigen, 
chondroitin-4 sulphate, chondroitin-6-sulphate, 
hyaluronan synthase and CD44. Similar sections were 
reacted for uridine diphosphoglucose dehydrogenase 
(UDPGD) and acid phosphatase activity. Hyaluronan was 
demonstrated using an aggrecan core protein 
hyaluronan binding region probe. Macrophages were 
present prior to cavitation in the periphery of joint 
interzones but not at the presumptive joint line in the 
central interzone. Fibroblastic cells were present 
throughout. Absence of local VCAM-1 expression 
indicated that cavitation was temporally distinct from full 

f ibroblast-like synoviocyte differentiation. CD44 was 
expressed by interzone cells at all stages. Staining for 
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hyaluronan and hyaluronan synthase, but not 
chondroitin sulphates was present in the interzone 
before and at the time of cavitation. UDPGD activity was 
increased in a narrow band of cells at the presumptive 
joint line prior to cavitation. These findings suggest 
that joint cavitation is dependent on the behaviour of 
fibroblastic cells and/or adjacent chondrocytes, rather 
than macrophages. Since UDPGD activity is involved in 
hyaluronan synthesis, it is proposed that joint 
cavitation is facilitated by a rise in local hyaluronan 
concentration in an area of tissue where cohesion is 
dependent on the interaction between cellular CD44 and 
extracellular hyaluronan. As proposed by Toole et al. 
(1984) such a local rise in hyaluronan concentration may 
lead to a switch from intercellular cohesion to 
dissociation, leading to tissue cavitation. 
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(AUG), P1099-1109 ISSN: 0021-9525 
Language: ENGLISH Document Type: ARTICLE 
Abstract: GP85 is one of the most common hemopoietic 
isoforms of the cell adhesion molecule, CD44. 
CD44(GP85) is known to contain at least one 
ankyrin-binding site within its 70 aa cytoplasmic domain 
and to bind hyaluronic acid (HA) with its extracellular 
domain. In this study we have mapped the 
ankyrin-binding domain of CD44(GP85) by deleting 
various portions of the cytoplasmic region followed by 
expression of these truncated cDNAs in COS cells. The 
results of these experiments indicate that the 
ankyrin-binding domain resides between amino acids 
305 and 355. Biochemical analyses, using competition 
binding assays and a synthetic peptide 
(NGGNGTVEDRKPSEL) containing 15 aa between aa 305 
and aa 320, support the conclusion that this region is 
required for ankryin binding. Furthermore, we have 
constructed a fusion protein in which this 15 aa 
sequence of CD44(GP85) is transplanted onto another 
transmembrane protein which does not bind ankyrin. Our 
results show that this fusion protein acquires the 
ability to bind ankyrin confirming that the sequence 



((306)NGGNGTVEDRKPSE(320)L) is a critical part of 
the ankryin-binding domain of CD44(GP85). In addition, 
we have demonstrated that deletion of this 15 aa 
ankyrin-binding sequence from CD44(GP85) results in a 
drastic reduction (greater than or equal to 90%) of 
HA-binding and HA-mediated cell adhesion. These 
findings strongly suggest that ankyrin binding to the 
cytoplasmic domain of CD44(GP85) plays a pivotal role 
in regulating hyaluronic acid-mediated cell-cell and 
cell-extracellular matrix interactions. 
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Language: ENGLISH Document Type: ARTICLE 
Abstract: In the present study, we examined a panel of 
human breast cancer cell lines with regard to their 
expression of CD44 and ability to bind and degrade 
hyaluronan. The cell lines expressed varying amounts of 
different molecular weight forms of CD44 (85-200 kDa) 
and, in general, those that expressed the greatest 
amounts of CD44 were the most invasive as judged by 
in vitro assays. In addition, the ability to bind and 
degrade hyaluronan was restricted to the cell lines 
expressing high levels of CD44, and both these 
functions were blocked by an antibody to CD44 
(Hermes-1). Moreover, the rate of [H-3]hyaluronan 
degradation was highly correlated with the amount of 
CD44 (r = 0.951, P < 0.0001), as well as with the invasive 
potential of the cells. Scatchard analysis of the 
[H-3]hyaluronan binding of these cells revealed the 
existence of significant differences in both their 
binding capacity and their dissociation constant. To 
determine the source of this deviation, the different 
molecular weight forms of CD44 were partially separated 
by gel filtration chromatography. In all cell lines, the 
85 kDa form was able to bind hyaluronan, although with 
different affinities. In contrast, not all of the high 
molecular weight forms of CD44 had this ability. These 
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results illustrate the diversity of CD44 molecules in 
invasive tumor cells, and suggest that one of their major 
functions is to degrade hyaluronan. (C) 1994 Wiley-Liss, 
Inc. 



7/3,AB/173 (Item 54 from file: 34) 
DIALOG(R)File 34:SciSearch(R) Cited Ref Sci 
(c) 2002 Inst for Sci Info. All rts. reserv. 

03332851 Genuine Article#: NZ252 Number of 
References: 109 Title: ISOLATION OF A NEURAL 
*CHONDROITIN* SULFATE PROTEOGLYCAN WITH 
NEURITE OUTGROWTH-PROMOTING PROPERTIES 
(Abstract Available) Author(s): FAISSNER A; CLEMENT 
A; LOCHTER A; STREIT A; MANDL C; SCHACHNER M 
Corporate Source: UNIV HEIDELBERG, DEPT 
NEUROBIOUNEUENHEIMER FELD364/D-69120 
HEIDELBERG/ /GERMANY/; ETH ZURICH,DEPT 
NEUROBIOL/CH-8093 ZURICH//SWITZERLAND/ 
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Language: ENGLISH Document Type: REVIEW 
Abstract: Proteoglycans are expressed in various tissues 
on cell surfaces and in the extracellular matrix and 
display substantial heterogeneity of both protein and 
carbohydrate constituents. The functions of individual 
proteoglycans of the nervous system are not well 
characterized, partly because specific reagents which 
would permit their isolation are missing. We report 
here that the monoclonal antibody 473HD, which binds 
to the surface of early differentiation stages of 
murine astrocytes and oligodendrocytes, reacts with the 
chondroitin sulfate/dermatan sulfate hybrid epitope 
DSD-1 expressed on a central nervous system 
chondroitin sulfate proteoglycan designated DSD-l-PG. 
When purified from detergent-free postnatal days 7 to 
14 mouse brain extracts, DSD-l-PG displays an 
apparent molecular mass between 800-1,000 kD with a 
prominent core glycoprotein of 350-400 kD. Polyclonal 
anti-DSD-l-PG antibodies and monoclonal antibody 473HD 
react with the same molecular species as shown by 
immunocytochemistry and sequential 
immunoprecipitation performed on postnatal mouse 
cerebellar cultures, suggesting that the DSD-1 epitope 
is restricted to one proteoglycan, DSD-l-PG promotes 
neurite outgrowth of embryonic day 14 mesencephalic 
and embryonic day 18 hippocampal neurons from rat, a 
process which can be blocked by monoclonal antibody 
473HD and by enzymatic removal of the 
DSD-l-epitope. These results show that the hybrid 
glycosaminoglycan structure DSD-1 supports the 
morphological differentiation of central nervous 
system neurons. 
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Journal: CARBOHYDRATE RESEARCH, 1994, V255, MAR 
(MAR 4), P61-85 ISSN: 0008-6215 
Language: ENGLISH Document Type: ARTICLE 
Abstract: The synthesis is reported of 4-methoxyphenyl 
0-(beta-D-glucopyranosyluronic acid)-(l — > 

3) -2-acetamido-2-deoxy-beta-D-glucopyranoside (1), 
4-methoxyphenyl 

0-(2-acetamido-2-deoxy-beta-D-glucopyranosyl)-(l — > 

4) -0-(beta-D-glucopyranosyluronic acid)-(l --> 
3)-2-acetamido-2-deoxy-beta-D-glucopyranoside (5), 

and 4-methoxyphenyl 0-(beta-D-glucopyranosyluronic 
acid)-(l --> 

3)-0-(2-acetamido-2-deoxy-beta-D-glucopyranosyl)-(l 
— > 4)-0-(beta-D-glucopyranosyluronic acid)-(l — > 

3)-2-acetamido-2-deoxy-beta-D-glucopyranoside (10), 
which are structural elements of the extracellular 
polysaccharide hyaluronic acid. 

6-0-Levulinoyl-2,3,4-tri-0-p-toluoyl-alpha-D-glucopyranos 
yl trichloroacetimidate (3) was condensed with 
4-methoxyphenyl 

2-deoxy-4,6-0-isopropylidene-2-phthalimido-beta-D-gluco 
pyranoside (4). De-isopropylidenation and acetylation of 
the obtained disaccharide derivative yielded 
4-methoxyphenyl 

0-(6-0-levulinoyl-2,3,4-tri-0-p-toluoyl-beta-D-glucopyran 
osyl)-(l --> 

3)-4,6-di-0-acetyl-2-deoxy-2-phthalimido-beta-D-glucopy 
ranoside, and subsequent delevulinoylation, oxidation, 
complete deprotection, and N-acetylation gave 1. 
Coupling of 

4-0-allyloxycarbonyl-6-0-levulinoyl-2,3-di-0-p-toluoyl-alp 
ha-D-glucopyr anosyl trichloroacetimidate with 4 
followed by de-isopyropylidenation, acetylation, and 
deallyloxycarbonylation of the obtained disaccharide 
derivative gave 8. Condensation of 
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3,4,6-tri-0-acetyl-2-deoxy-2-phthalimido-beta-D-glucopy 
ranosyl trichloroacetimidate with 8 afforded 
trisaccharide derivative 4-methoxyphenyl 

0-(3 / 4,6-tri-0-acetyl-2-deoxy-2-phthalimido-beta-D-gluc 
opyranosyl-(l ~> 

4)-0-(6-0-levulinoyl-2,3-di-0-p-toluoyl-beta-D-glucopyran 
osyl)-(l -> 

3)-4,6-di-0-acetyl-2-deoxy-2-phthalimido-beta-D-glucopy 
ranoside, and subsequent delevulinoylation, oxidation, 
complete deprotection, and N-acetylation gave 5. 

3- 0-Allyloxycarbonyl-2-deoxy-4,6-0-isopropylidene-2-pht 
halimido-beta-D- glucopyranosyl trichloroacetimidate 
was coupled with disaccharide acceptor 8, and 
deallyloxycarbonylation of the obtained trisaccharide 
derivative yielded 12. Condensation of 3 with 12 followed 
by de-isopropylidenation and acetylation of the 
obtained tetrasaccharide derivative gave 

4- methoxyphenyl 

0-(6-0-levulinoyl-2,3,4-tri-0-p-toluoyl-beta-D-glucopyran 
osyl)-(l --> 

3) -0-(4,6-di-0-acetyl-2-deoxy-2-phthalimido-beta-D-gluc 
opyranosyl)-(l — > 

4) -0-(6-0-levulinoyl-2,3-di-0-p-toluoyl-beta-D-glucopyran 
osyl)-(l --> 

3)-4,6-di-0-acetyl-2-deoxy-2-phthalimido-beta-D-glucopy 
ranoside, and delevulinoylation, oxidation, complete 
deprotection, and N-acetylation yielded 10. 
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OF ALTERNATIVELY SPLICED CD44 ISOFORMS - 
RECOGNITION AND BINDING OF *HYALURONAN* BY 
CD44R1 (Abstract Available) 
Author(s): DOUGHERTY GJ; COOPER DL; MEMORY JF; 
CHIU RK 

Corporate Source: BRITISH COLUMBIA CANC RES 
CTR,TERRY FOX LABJUMOUR IMMUNOL GRP,601 W 
10TH AVE/VANCOUVER V5Z 1L3/BC/CANADA/; 
BRITISH COLUMBIA CANC AGCY, TERRY FOX LA B 
HEMATOL ONCOL/VANCOUVER V5Z 
1L3/BC/CANADA/; UNIV BRITISH COLUMBIA, DEPT 
PATHOL/VANCOUVER/BC/CANADA/; UNIV 
PITTSBURGH, DEPT PATHOL/PITTSBURGH//PA/15281 
Journal: JOURNAL OF BIOLOGICAL CHEMISTRY, 1994, 
V269, N12 (MAR 25), P 9074-9078 
ISSN: 0021-9258 
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Abstract: CD44 species of widely differing molecular 
mass have been identified on various normal and/or 
transformed cells. Recent studies have demonstrated 
that much of this heterogeneity is produced as a result 
of the alternative splicing of a series of 10 exons present 

within the CD44 gene generating a large number of 
CD44 isof orms containing additional peptide sequences 
of varying length inserted into a single site within the 
extracellular domain of the molecule. At present, the 
effect of such insertions on the ligand binding 
specificity of CD44 re mains unclear. CD44H, the major 
CD44 isof orm expressed by most resting cell types, has 
been shown to function as a receptor for the 
glycosaminoglycan hyaluronan. In contrast, CD44E, the 
major isof orm expressed by the colon carcinoma cell line 
HT29, which contains a 132-amino acid insert, is unable 
to recognize and bind this ligand. In the present study 
we demonstrate that CD44R1, an isoform isolated from 
the myelomonocytic cell line KGla, that differs from 
CD44E by just 3 amino acid substitutions, is fully capable 
of mediating the attachment of transfected COS7 
cells to hyaluronancoated plastic. In order to confirm 
that such binding was directly mediated by the 
introduced CD44 species, chimeric proteins containing the 
entire extracellular domain of CD44H or CD44R1 fused 
in-frame to human bone/ liver/kidney alkaline 
phosphatase were prepared and tested for their ability 
to bind hyaluronan-coated plastic. Both fusion proteins 
bound equally well to hyaluronan and in each case their 
attachment could be readily inhibited by monoclonal 
antibodies directed against the hyaluronan-binding 
domain of CD44. These data indicate that the 
132-amino acid insert present within the extracellular 
domain of CD44R1 does not interfere with the 
hyaluronan binding function of the molecule. Since 
CD44E contains an identically sized insert but is unable 
to bind hyaluronan, it is likely that mutation of one or 
more of the 3 amino acid residues that differ between 
CD44E and CD44R1 is responsible for the altered 
functional activity of this particular molecule. 
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PEDIAT/SEATTLE//WA/98195; UNIV 
WASHINGTON, DEPT PATHOL/SEATTLE//WA/98195 
; UNIV FLORIDA,DEPT 
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Journal: PEDIATRIC RESEARCH, 1994, V35, N2 (FEB), 
P238-243 ISSN: 0031-3998 
Language: ENGLISH Document Type: ARTICLE 
Abstract: Increased deposition of hyaluronan (HA) is part 
of the early response to f ibrogenic stimulus in the lung 
exposed to bleomycin injury and has been associated 
with increased lung water in adult animals. Early 
respiratory distress syndrome (RDS) in premature infants 
is characterized by increased lung water, and late 
sequelae include fibrosis or bronchopulmonary 
dysplasia. We hypothesized that increased HA in the 
alveolar interstitium would be associated with increasingly 

severe RDS in prematurely delivered monkeys and that 
modes of therapy that affect severity of disease such 
as treatment with high-frequency oscillatory 
ventilation or exogenous surfactant would decrease this 
response. Thirty-four Macaca nemestrina monkeys were 
delivered at 134 +/- 1 d (term - 168 d) and randomized 
to high-frequency oscillatory ventilation or conventional 
mechanical ventilation from birth. Sixteen of these 
animals received surfactant. At 6 h of age, the right 
lower lung was frozen in situ during inflation to 30 cm 
H20 (approximately 2940 Pa) and then dehydrated and 
processed for microscopy. The presence and severity 
of RDS were evaluated by clinical and morphologic 
criteria. HA concentrations in lung extracts increased 
with progressively severe RDS (p = 0.0003). Treatment 
with high-frequency oscillatory ventilation decreased 
the lung injury score (1.69 +/- 0.7 compared with 2.5 
+/- 0.9, p = 0.05), but changes in lung HA concentration 
did not reach significance (37.9 +/- 22.7 compared with 
44.8 +/- 22.6). Surfactant treatment decreased lung HA 
concentration (29.6 +/- 19.0 mu g/wet lung) compared 
with non-surfactant-treated animals (54.7 +/- 20.2 mu 
g/g wet lung, p = 0.0009). Two fetal animals (144 and 
163 d gestation) and seven additional premature animals 
ventilated for up to 96 h were compared with the animals 
killed at 6 h. HA concentrations increased with length 
of mechanical ventilation and severity of illness in 
these animals. HA was localized in f reeze-dried lung 
sections using a biotinylated probe. Lung sections were 
blindly scored for the distribution of HA staining, and 
these scores were positively correlated with HA 
concentration measurements (r = 0.75, p < 0.0001). The 
quantity of HA in alveolar microvasculature correlated 
with severity of RDS (r = 0.68, p = 0.0004). We conclude 
that 1) HA concentration in RDS lungs of prematurely 
delivered infant monkeys is increased relative to 
normal lungs at 6 h, 2) increased HA is localized 
predominantly to the perivascular space of lung 
vasculature, and 3) this response is decreased by 



surfactant treatment. 
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Abstract: The effects of high-molecular-weight (HMW) 
hyaluronic acids (HAs) of 1.9x10(6) Da, 8x10(5) Da and 
3x10(5) Da on the receptor-mediated functions of 
guinea pig peritoneal phagocytes were studied. HMW-HAs 
of 1.9x10(6) Da (HA190) and 8x10(5) Da (HA80) 
effectively inhibited the chemotactic activity of 
polymorphonuclear leukocytes (PMNs) for 
formyl-Met-Leu-Phe (fMLP). The degree of inhibition was 
dose-dependent and the concentrations of HA190 and 
HA80 required for 50% inhibition were 0.5-1.5 mg/ml 
and 1.5-2.5 mg/ml, respectively. HMW-HA of 3x10(5) 
Da (HA30) hardly affected the chemotaxis within a 
concentration range of 0.5-5.0 mg/ml. The phagocytic 
activities of PMNs and macrophages (M(phi)s) for 
serum-opsonized zymosan (SOZ) and polystyrene latex 
particles were also inhibited by these HAs in a dose- and 
molecular-weight-dependent manner and HA190 was again 
the most inhibitory. By contrast, the release of 
lysosomal enzyme from M(phi)s stimulated with SOZ 
was not significantly affected by HMW-HAs at any 
concentration used. Furthermore, the binding of 
[H-3]fMLP with PMNs and the rosette formation of 
M(phi)s with SOZ were not influenced by the presence 
of HMW-HAs. These findings suggested that the binding 
of HMW-HAs to the HA receptors on PMNs and 
M(phi)s might produce certain intracellular signals 
which would be responsible for the suppression of the 
chemotaxis and the phagocytosis but not for the release 
of lysosomal enzyme. For the generation of such 
signals, 

higher-molecular-weight HMW-HAs would be more 
effective than lower one. 
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Journal: ANNALS OF THE RHEUMATIC DISEASES, 
1994, V53, Nl (JAN), P35-38 ISSN: 0003-4967 
Language: ENGLISH Document Type: ARTICLE 
Abstract: Objectives-Chondroitin sulphate is the major 
sulphated glycosaminoglycan present in the 
extracellular matrix of soft connective tissues and the 
aim of this study was to investigate the distribution of 
chondroitin sulphate species in normal and diseased 
synovium. 

Methods-Distribution of 
chondroitin-4-sulphate/dermatan sulphate (Ch4S/DS) 
and chondroitin-6-sulphate in normal (n = 6), 
osteoarthritic (n = 4) and rheumatoid (n - 10) synovium 
was determined using an immunoperoxidase technique 
and specific monoclonal antibodies to chondroitinase 
ABC-digested preparations. 

Results-Ch4S/DS was expressed throughout the 
interstitium of all tissues and was also present on blood 
vessels in rheumatoid samples only. Ch6S was 
expressed in the lining layer of normal synovium but was 
absent from this site in osteoarthritic and rheumatoid 
tissues. Ch6S was also present on all blood vessels in all 
tissues. Conclusions-The distinct zonal distributions of 
Ch45/DS and Ch6S and their alteration in disease 
suggest these molecules have different and specific 
functions in normal and diseased synovium. 
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Abstract: The distributions of hyaluronan (HA) and its 
presumptive receptor, CD44, were studied in skin 
samples from 13 psoriasis vulgaris patients, using an 
HA-specific probe (HABC), and monoclonal antibodies, 
respectively. The general distribution of HA and CD44 in 
psoriatic lesional epidermis resembled that in normal 
epidermis. However, areas of epidermis invaded by 
leukocytes showed a local depletion of HA and CD44, 
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particularly at the contact areas of keratinocytes to 
lymphocytes and neutrophils. Removal by cellular uptake 
or extracellular degradation of CD44 and HA may be 
required for tight adherence between a keratinocyte 
and a leukocyte. On the dermal side, the tips of the 
prolonged dermal papillae in psoriatic lesions were 
intensively stained with HABC. The dilated capillaries 
and the space below the tip basal lamina, in particular, 
were heavily covered with HA. Occasionally, a similar 
intense staining was seen around an enlarged capillary in 
uninvolved psoriatic skin. CD44-positive leukocytes were 
found around the affected capillaries. The 
accumulation of HA in the dermal papillae may support 
the growth of psoriatic lesions, since HA stimulates the 
growth of capillaries as well as attracting inflammatory 
cells. 
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2N2/MANITOBA/CANADA/ 

Journal: JOURNAL OF CELLULAR BIOCHEMISTRY, 
1993, S17E (MAR 29), P110 ISSN: 0730-2312 
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Language: ENGLISH Document Type: MEETING 
ABSTRACT 



7/3,AB/187 (Item 68 from file: 34) 
DIALOG(R)File 34:SciSearch(R) Cited Ref Sci 
(c) 2002 Inst for Sci Info. All rts. reserv. 

02357640 Genuine Article#: KW761 Number of 
References: 0 Title: *HYALURONAN* *RECEPTOR* 
EXPRESSION ON HUMAN PERIPHERAL-BLOOD 
MONOCYTES AND ALVEOLAR MACROPHAGES 
Author(s): CULTY M; SWARTZ RP; UNDERHILL CB; 
YEAGER H 

Corporate Source: GEORGE WASHINGTON UNIV,MED 
CTR/WA SHINGTON//DC/20037 Journal: CLINICAL 
RESEARCH, 1993, V41, N2 (APR), PA315 
ISSN: 0009-9279 

Language: ENGLISH Document Type: MEETING 
ABSTRACT 



7/3,AB/188 (Item 69 from file: 34) 
DIALOG(R)File 34:SciSearch(R) Cited Ref Sci 
(c) 2002 Inst for Sci Info. All rts. reserv. 

02356610 Genuine Article#: KW761 Number of 
References: 0 Title: DETECTION AND LOCALIZATION 
OF *HYALURONIC*-*ACID* *RECEPTOR* (CD44) 
EXPRESSION IN FINE-NEEDLE ASPIRATES FROM 
THYROID CANCERS (TC) 
Author(s): HEUFELDER AE; BAHN RS 
Corporate Source: UNIV MUNICH, KLINIKUM 
INNENSTADT,MED KLIN/W-8000MUNICH 
2//GERMANY/; MAYO CLIN <& MAYO FDN,DEPT 
INTERNAL MED,DIV 
ENDOCRINOL/ROCHESTER//MN/55905 
Journal: CLINICAL RESEARCH, 1993, V41, N2 (APR), 
PA129 

ISSN: 0009-9279 

Language: ENGLISH Document Type: MEETING 
ABSTRACT 



7/3,AB/189 (Item 70 from file: 34) 
DIALOG(R)File 34:SciSearch(R) Cited Ref Sci 
(c) 2002 Inst for Sci Info. All rts. reserv. 

01981915 Genuine Article#: JR255 Number of 
References: 0 Title: AGE-RELATED-CHANGES IN 
SERUM *HYALURONAN* (*HA*) LEVELS AND LIVER 
ENDOTHELIAL-CELL *HA* *RECEPTOR* ACTIVITY 
Author(s): YANNARIELLOBROWN J; CHAPMAN SH; 
PAPPAS T; WEIGEL PH Corporate Source: UNIV 
TEXAS,MED BRANCH, DEPT HUMAN BIOL CHEM <& 
GENET/GALVESTON//TX/77550 



Journal: MOLECULAR BIOLOGY OF THE CELL, 1992, V3, 

S (SEP), PA326 ISSN: 1059-1524 

Language: ENGLISH Document Type: MEETING 

ABSTRACT 



7/3,AB/190 (Item 71 from file: 34) 
DIALOG(R)File 34:SciSearch(R) Cited Ref Sci 
(c) 2002 Inst for Sci Info. All rts. reserv. 

01980445 Genuine Article#: JR255 Number of 
References: 0 Title: IDENTIFICATION OF 
*HYALURONAN* BINDING MOTIFS IN A NOVEL 
*HYALURONAN* PRECEPTOR* TERMED RHAMM 
Author(s): YANG B; ZHANG L; TURLEY EA 
Corporate Source: UNIV MANITOBA ,MANITOBA INST 
CELL BIOL/YVINNIPEG R3E 

0V9/MANITOBA/CANADA/; UNIV MANITOBA, DEPT 

PEDIAT/WINNIPEG R3E 0V9/MANITOBA/CANADA/ 

Journal: MOLECULAR BIOLOGY OF THE CELL, 1992, V3, 

S (SEP), PA73 ISSN: 1059-1524 

Language: ENGLISH Document Type: MEETING 

ABSTRACT 



7/3,AB/191 (Item 72 from file: 34) 
DIALOG(R)File 34:SciSearch(R) Cited Ref Sci 
(c) 2002 Inst for Sci Info. All rts. reserv. 

01622687 Genuine Article#: HM547 Number of 
References: 28 Title: THE ROLE OF 
*HYALURONAN*-BINDING PROTEIN IN ASSEMBLY 
OF PERICELLULAR MATRICES (Abstract Available) 
Author(s): QIN Y; BANERJEE SD; TOOLE BP 
Corporate Source: TUFTS UNIV,SCH HLTH SCI,DEPT 
ANAT <& CELLULAR BIOL,HLTH SCI CAMPUS,136 
HARRISON AVE/BOSTON//MA/02111; TUFTS 
UNIV,SCH HLTH SCI,DEPT ANAT A CELLULAR 
BIOL,HLTH SCI CAMPUS,136 HARRISON 
AVE/BOSTON//MA/02111 

Journal: DEVELOPMENTAL DYNAMICS, 1992, V193, N2 
(FEB), P145-151 Language: ENGLISH Document Type: 
ARTICLE 

Abstract: Hyaluronan-dependent pericellular matrices or 
"coats" are expressed by a variety of cell types in 
culture and modulation of their expression may be 
important in regulation of cell interactions in vivo 
during development. Monoclonal antibody IVd4, which 
recognizes hyaluronan-binding protein with the 
properties of a *hyaluronan* * receptor*, was shown to 
block formation of these coats by a variety of cells. 
Using rat fibrosarcoma cells, it was found that the 
antibody not only blocked initial formation of the coats 
but also caused their loss when added subsequent to 
formation. The loss of preformed coats in the presence 
of antibody occurred at 4-degrees and 37-degrees, 
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implying that the function of hyaluronan-binding protein in 

coat formation is not in mediating metabolic processes. 
The antibody also had no significant effect on 
hyaluronan production by the fibrosarcoma cells. In 
addition, hyaluronan hexasaccharide, a competitive 
inhibitor of the interaction between polymeric hyaluronan 
and its cell surface receptor, was found to inhibit coat 
formation. Thus it is concluded that a 
hyaluronan-binding protein with the properties of a 
*hyaluronan* *receptor* is required for pericellular 
matrix formation. 
?ds 

Set Items Description 

51 1270 (HA OR HYALURONIC()ACID OR 

HYALURONAN)()RECEPTOR 52 103 SI AND 

PY>2000 

53 1167 SI NOT 52 

54 5 S3 AND HARE 

55 0 S3 AND(175OR190OR300OR315)()KD 

56 295 S3 AND (HA OR HYALURONAN OR 
HYALURONIC OR CHONDROITIN)/TI S7 191 RD 
(unique items) 

? logoff 

06aug02 08:42:29 User217743 Session D563.4 
$7.33 2.292 DialUnits Filel55 
$1.05 5 Type(s) in Format 3 (UDF) 
$23.94 114 Type(s) in Format 4 (UDF) 
$24.99 119 Types 
$32.32 Estimated cost Filel55 

$24.30 1.421 DialUnits File34 
$77.60 16 Type(s) in Format 3 (UDF) 
$79.80 19 Type(s) in Format 12 (UDF) 
$21.00 5 Type(s) in Format 14 (UDF) 
$155.20 32 Type(s) in Format 55 (UDF) 
$333.60 72 Types 
$357.90 Estimated cost File34 

OneSearch, 2 files, 3.712 DialUnits FileOS 
$1.08 TELNET 
$391.30 Estimated cost this search 
$402.66 Estimated total session cost 9.929 DialUnits 
Logoff: level 02.08.05 D 08:42:29 
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Welcome to STN International! Enter x:x 



LOGINID:sssptal812lxs 
PASSWORD: 

TERMINAL (ENTER 1, 2, 3, OR ?):2 

FILE 'HOME' ENTERED AT 08:33:51 ON 06 AUG 2002 

=> b caplus 

COST IN U.S. DOLLARS SINCE FILE TOTAL ENTRY SESSION 

FULL ESTIMATED COST 0.21 0.21 

FILE 'CAPLUS' ENTERED AT 08:34:03 ON 06 AUG 2002 

USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT. PLEASE SEE "HELP USAGETERMS" FOR 
DETAILS. 

COPYRIGHT (C) 2002 AMERICAN CHEMICAL SOCIETY (ACS) 

Copyright of the articles to which records in this database refer is held by the publishers listed in the PUBLISHER (PB) field 
(available for records published or updated in Chemical Abstracts after December 26, 1996), unless otherwise indicated in 
the original publications. The CA Lexicon is the copyrighted intellectual property of the American Chemical Society and is 
provided to assist you in searching databases on STN. Any dissemination, distribution, copying, or storing of this information, 
without the prior written consent of CAS, is strictly prohibited. 

FILE COVERS 1907 - 6 Aug 2002 VOL 137 ISS 6 
FILE LAST UPDATED: 5 Aug 2002 (20020805/ED) 

This file contains CAS Registry Numbers for easy and accurate substance identification. 

CAS roles have been modified effective December 16, 2001. Please check your SDI profiles to see if they need to be revised. 
For information on CAS roles, enter HELP ROLES at an arrow prompt or use the CAS Roles thesaurus (/RL field) in this file. 
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854523 1997/PY 
L2 2 LI AND 1997/PY 



=>d ibib 1,2 

L2 ANSWER 1 OF 2 CAPLUS COPYRIGHT 2002 ACS 
ACCESSION NUMBER: 1998:93940 CAPLUS 
DOCUMENT NUMBER: 128:226614 

TITLE: Enhancement of corneal epithelial wound healing by thrombin receptor activating peptide 

in the rat AUTHOR(S): Hallberg, Csilla K.; Gill, Kuljit S.; Redin, William R.; *Yannariello-Brown, 

Judith* ; Brysk, Miriam M.; Carney, Darrell H.; Trocme, Stefan D. CORPORATE SOURCE: Department of 

Ophthalmology and Visual Sciences, School of Medicine, Cornea Service and Eye Research 

Laboratory, The University of Texas Medical Branch, Galveston, TX, 77555-0787, USA 

SOURCE: Research Communications in Pharmacology and Toxicology ( *1997* ), 2(3), 129-136 

CODEN: RCPTFY; ISSN: 1087-1101 
PUBLISHER: PJD Publications Ltd. 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

L2 ANSWER 2 OF 2 CAPLUS COPYRIGHT 2002 ACS 
ACCESSION NUMBER: 1997:137101 CAPLUS 
DOCUMENT NUMBER: 126:234877 

TITLE: Identification of a 175 kDa protein as the ligand-binding subunit of the rat liver sinusoidal 

endothelial cell hyaluronan receptor AUTHOR(S): *Yannariello-Brown, Judith* ; Zhou, Bin; 

Weigel, Paul H. 

CORPORATE SOURCE: Health Sciences Center, University of Oklahoma, Oklahoma City, OK, 73190, USA 

SOURCE: Glycobiology ( *1997* ), 7(1), 15-21 CODEN: GLYCE3; ISSN: 0959-6658 

PUBLISHER: Oxford University Press 

DOCUMENT TYPE: Journal 
LANGUAGE: English 



=> d re.cnt 2 

L2 ANSWER 2 OF 2 CAPLUS COPYRIGHT 2002 ACS 



-> b scisearch 

COST IN U.S. DOLLARS SINCE FILE TOTAL ENTRY SESSION 

FULL ESTIMATED COST 10.68 10.89 

FILE 'SCISEARCH' ENTERED AT 08:36:49 ON 06 AUG 2002 
COPYRIGHT (C) 2002 Institute for Scientific Information (ISI) (R) 
FILE COVERS 1974 TO 2 Aug 2002 (20020802/ED) 
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E12 13 YANNELLI B/AU 
=> s e4 

L3 24 "YANNARIELLOBROWN JVAU 

=> s 13 and 1997/py 

939176 1997/PY 
L4 3 L3 AND 1997/PY 

=> d ibib all 

L4 ANSWER 1 OF 3 SCISEARCH COPYRIGHT 2002 ISI (R) 
ACCESSION NUMBER: 97:232804 SCISEARCH 
THE GENUINE ARTICLE: WN215 

TITLE: Eosinophil cationic proteins modulate intercellular adhesion molecule-1 (ICAAA-1; CD54) 

expression on primary human corneal epithelial cells. 

AUTHOR: *YannarielloBrown J (Reprint)* ; Hallberg C K; Trocme S D 

CORPORATE SOURCE: UNIV TEXAS, MED BRANCH, DEPT OPHTHALMOL, GALVESTON, TX 77550; UNIV 

TEXAS, MED BRANCH, DEPT HUMAN BIOL CHEM <3t GENET, GALVESTON, TX 77550 

COUNTRY OF AUTHOR: USA 

SOURCE: INVESTIGATIVE OPHTHALMOLOGY <& VISUAL SCIENCE, ( *15 MAR* * 1997* ) Vol. 38, 

No. 4, Part 2, pp. 3352-3352. Publisher: LIPPINCOTT-RAVEN PUBL, 227 EAST WASHINGTON SQ, 

PHILADELPHIA, PA 19106. 

ISSN: 0146-0404. 
DOCUMENT TYPE: Conference; Journal 
FILE SEGMENT: LIFE 
LANGUAGE: English 
REFERENCE COUNT: 0 
AN 97:232804 SCISEARCH 
GA The Genuine Article (R) Number: WN215 

TI Eosinophil cationic proteins modulate intercellular adhesion molecule-1 (ICAM-1; CD54) expression on primary human 
corneal epithelial cells. AU *YannarielloBrown J (Reprint)* ; Hallberg C K; Trocme S D CS UNIV TEXAS, MED BRANCH, 
DEPT OPHTHALMOL, GALVESTON, TX 77550; UNIV TEXAS, MED BRANCH, DEPT HUMAN BIOL CHEM A GENET, 
GALVESTON, TX 77550 CYA USA 

SO INVESTIGATIVE OPHTHALMOLOGY <& VISUAL SCIENCE, ( *15 MAR 1997* ) Vol. 38, No. 4, Part 2, pp. 
3352-3352. 

Publisher: LIPPINCOTT-RAVEN PUBL, 227 EAST WASHINGTON SQ, PHILADELPHIA, PA 19106. 

ISSN: 0146-0404. 
DT Conference; Journal 
FS LIFE 
LA English 

REC Reference Count: 0 
CC OPHTHALMOLOGY 



=>dall2, 3 

L4 ANSWER 2 OF 3 SCISEARCH COPYRIGHT 2002 ISI (R) 

AN 97:154537 SCISEARCH 

GA The Genuine Article (R) Number: WH475 

TI Identification of a 175 kDa protein as the ligand-binding subunit of the rat liver sinusoidal endothelial cell hyaluronan 
receptor AU *YannarielloBrown J* ; Zhou B; Weigel P H (Reprint) CS UNIV OKLAHOMA, HLTH SCI CTR, DEPT 
BIOCHEM A MOL BIOL, OKLAHOMA CITY, OK 73190 (Reprint); UNIV OKLAHOMA, HLTH SCI CTR, DEPT BIOCHEM A 
MOL BIOL, OKLAHOMA CITY, OK 73190; UNIV TEXAS, MED BRANCH, DEPT OPHTHALMOL A VISUAL SCI, 
GALVESTON, TX 77555; UNIV TEXAS, MED BRANCH, DEPT HUMAN BIOL CHEM A GENET, GALVESTON, TX 77555 
CYA USA 
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SO GLYCOBIOLOGY, ( *FEB 1997* ) Vol. 7, No. 1, pp. 15-21. Publisher: OXFORD UNIV PRESS UNITED KINGDOM, 
WALTON ST JOURNALS DEPT, OXFORD, ENGLAND 0X2 6DP. 

ISSN: 0959-6658. 
DT Article; Journal 
FS LIFE 
LA English 

REC Reference Count: 26 

AB The rat liver sinusoidal endothelial cell (LEG) hyaluronan (HA) receptor was previously identified using a 
photoaff inity HA derivative (J. Biol, Chem., 267, 20451-20456, 1992), Two polypeptides with M(r) = 175,000 and 
166,000, were consistently crosslinked, suggesting that the LEC HA receptor is an oligomer. Whether one or both subunits 
participate in HA binding, was not determined, Here we investigate the HA-subunit interactions and the potential 
oligomeric nature of the LEC HA receptor. When Sephacryl-400 gel filtration chromatography was used to enrich the HA 

receptor, the 175 kDa polypeptide was the major band seen by SDS-PAGE analysis, Little staining was seen at 166 kDa, 
suggesting that the 175 kDa protein could be separated from the 166 kDa protein and still retain HA-binding activity, A 
ligand blot assay was used to determine if each individual subunit could bind HA, LEC proteins were separated by 
nonreducing SDS-PAGE, and then immobilized onto nitrocellulose. I-125-HA bound to a 175 kDa polypeptide but not to the 
166 kDa protein, A high molecular weight band of similar to 300,000 also bound I-125-HA. I-125-HA binding to the 175 
and 300 kDa proteins showed the same specificity of competition with a panel of carbohydrates as the bona fide LEC HA 

receptor, The 175 kDa HA-binding subunit may be nonglobular (asymmetric), since its apparent size by SDS-PAGE is 
dependent on the polyacrylamide gel pore size; M(r) increases as porosity decreases, LECs were crosslinked to an 
I-125-labeled photoaff inity HA derivative and the HA saccharides were then released with hyaluronidase. After 
SbS-PA&E without reduction, radio-labeled bands were seen at 175 and 166 kDa (3:1 ratio), and a high MW (similar to 
300,000) species was also detected, These data support an oligomeric model of the LEC HA receptor, and show that the 
175 kDa protein possesses HA-binding activity independent from the 166 kDa polypeptide. CC BIOCHEMISTRY & 
MOLECULAR BIOLOGY 

ST Author Keywords: hyaluronan receptor; endocytosis; ligand blot assay; liver sinusoidal endothelial cells 
STP Keywords Plus (R): ACID; DEGRADATION; DISTINCT; SURFACE RF 95-1163 001; CD44 ISOFORMS; 
DIFFERENTIAL EXPRESSION; INDEPENDENT PROGNOSTIC FACTOR 

95-2761 001; CHONDROITIN SULFATE PROTEOGLYCANS; BASIC FIBROBLAST GROWTH-FACTOR; 
HIGH-PERFORMANCE CAPILLARY ELECTROPHORESIS 95-3190 001; INCREASED ABUNDANCE OF SPECIFIC 
SKELETAL-MUSCLE PROTEIN-TYROSINE PHOSPHATASES; ALPHA-B-CRYSTALLIN EXPRESSION 95-5491 001; 
SERUM HYALURONAN; SINUSOIDAL LIVER ENDOTHELIAL-CELLS; DETECTION OF HEPATIC FIBROGENESIS; 
KIDNEY ULTRAFILTRATION; CIRCULATING COLLAGEN 
RE 

Referenced Author |Year | VOL | PG | Referenced Work (RAU) |(RPY)|(RVL)|(RPG) | (RWK) 

::z::::::::::::z::zz::: + ::::: + :z::>:::::: + ::::::::z::::::::::: BITTER T 1 1962 |4 |330 |ANAL BIOCHEM 



BRADFORD MM 1 1976 1 72 [248 | ANAL BIOCHEM 

DSOUZA M 1 1985 1 10 1 43 | BIOCHEM INT 

ERIKSSON S 1 1983 1 144 1 223 | EXP CELL RES 

FORSBERG N 1 1991 |1078 |12 IBIOCHIM BIOPHYS ACTA FROST S J [1992 |189 |1591 I BIOCHEM 

BIOPH RES CO KNUDSON C B 1 1993 1 120 |825 | J CELL BIOL 

LAEMMLI U K |1970 |277 |680 | NATURE 

LAURENT TC 1 1987 1 143 | |CIBA S F 

LAURENT TC 1 1992 |6 |2397|FASEBJ 

LOWRYOH |1981 |193 |265 |J BIOL CHEM 

MCCOURT PAG 1 1994 1 269 [30081 |J BIOL CHEM 

MCGARYCT 1 1989 1 257 1 875 | BIOCHEM J 

OKA J A |1987|133 1 243 | J CELL PHYSIOL 

RAJARH |1984 |139 |168 |ANAL BIOCHEM 

RAJARH |1988 |263 1 16661 | J BIOL CHEM 

SMEDSRODB 1 1984 |223 |617 |BIOCHEMJ 

SMEDSRODB 1 1990 |266 1 313 IBIOCHEMJ 

STADRK |1994|2 [261 | CELL ADHES COMMUN TOOLE B P [1990 1 2 |839 |CURR OPIN CELL BIOL 

UNDERHILLC 1 1992 1 103 |293 |J CELL SCI 

WEIGELPH |1992| |421 |GLYCOCONJUGATES COMP YANNARIELLOBROW.J 1 1996 |218 |314 

| BIOCHEM BIOPH RES CO YANNARIELLOBROWN J 1 1992 1 31 1 576 | BIOCHEMISTRY-US YANNARIELLOBROWN J 
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|1992 |267 |20451 |J BIOL CHEM 

YANNARIELLOBROWN J 1 1992 1 48 |73 I J CELL BIOCHEM 



L4 ANSWER 3 OF 3 SCISEARCH COPYRIGHT 2002 151 (R) 

AN 97:35597 SCISEARCH 

GA The Genuine Article (R) Number: WA059 

TI ICAM-1 expression in corneal epithelium of a patient with vernal keratoconjunctivitis: Case report 

AU Gill K 5; *YannarielloBrown J* ; Patel J; Nakajima N; Rajaraman 5; Trocme 5 D (Reprint) 

CS UNIV TEXAS, MED BRANCH, DEPT OPHTHALMOL A VISUAL SCI, SCH MED, CLIN SCI BLDG, ROOM 340, 

GALVESTON, TX 77555 (Reprint); UNIV TEXAS, MED BRANCH, DEPT OPHTHALMOL A VISUAL SCI, SCH MED, 

GALVESTON, TX 77555 CYA USA 

SO CORNEA, ( *JAN 1997* ) Vol. 16, No. 1, pp. 107-111. Publisher: LIPPINCOTT-RAVEN PUBL, 227 EAST 
WASHINGTON SQ, PHILADELPHIA, PA 19106. 

ISSN: 0277-3740. 
DT Article; Journal 
FS CLIN 
LA English 

REC Reference Count: 24 

AB Recent reports have demonstrated the expression of intercellular adhesion molecule-1 (ICAM-1; CD54) on the 
epithelium in various allergic diseases and inflammatory conditions, including the bronchial epithelium of patients with 
allergic asthma, conjunctival epithelium of allergic patients after allergen-specific challenge, and corneal epithelium of 
rejected corneal allografts. We investigated the presence of ICAM-1 expression on the corneal epithelium from a patient 
with vernal keratoconjunctivitis (VKC). Immunohistochemical staining of the diseased cornea demonstrated abundant 
ICAM-1 expression on the corneal epithelium. Immunoreactive ICAM-1 appeared to localize primarily to the cells of the 
basal and middle layers of the corneal epithelium. No staining was detected on the ocular surface epithelium. The normal, 
healthy cornea demonstrated no significant ICAM-1 expression on any of the epithelial layers, similar to that previously 
reported. To the best of our knowledge, this is the first report of ICAM-1 expression on the corneal epithelium from a 
patient with VKC. 
CC OPHTHALMOLOGY 

ST Author Keywords: allergy; CD54; corneal epithelium; inflammation; intercellular adhesion molecule-1; vernal 
keratoconjunctivitis STP KeyWords Plus (R): MAJOR BASIC-PROTEIN; INTERCELLULAR-ADHESION MOLECULE; 
MONOCLONAL-ANTIBODIES; CD54; INFLAMMATION; CONJUNCTIVA; DEPOSITION; CHALLENGE; LFA-1; CELLS 
RF 95-0169 001; INTERCELLULAR-ADHESION MOLECULE-1 (ICAM-1); ENDOTHELIAL-CELL REGULATION OF 
LEUKOCYTE INFILTRATION; ONCOSTATTN-M ENHANCE MEMBRANE EXPRESSION 
RE 

Referenced Author |Year | VOL | PG | Referenced Work (RAU) |(RPY)|(RVL)|(RPG) I (RWK) 

:z:::::::::::=z::::z::: + ::::: + ::::z + ::zz:: + ::::::::::zzz::;:::: ALBELDA S M 1 1994 |8 1 504 |FASEB J 

BLOEMENPG 1 1993 |9 |586 |AM J RESP CELL MOL B BUCKLEY R J 1 1988 |28 |303 |INT 
OPHTHALMOL CLIN CANONICA G W 1 1994 |49 |135 | ALLERGY 

CIPRANDIG |1993 |91 |783 | J ALLERGY CLIN IMMUN CIPRANDI G 1 1995 |95 |612 | J ALLERGY CLIN 

IMMUN ELIAS J M |1989 |92 |62 | AM J CLIN PATHOL ELNER V M 1 1991 1 138 1 525 |AM J PATHOL 

FOETSBJJ |1992 |76 |205 | BRIT J OPHTHALMOL GOLDBERG M F 1 1994 |101 1 161 [OPHTHALMOLOGY 

GOSSETP |1995 1 106 |69 | INT ARCH ALLERGY IMM HARLAN J M 1 1992 | |117 |ADHESIONITS 

ROLE IN HOBDEN J A 1 1995 1 36 |1107 | INVEST OPHTH VTS SCI LEFF A R |1991 |260 |L189 |AMJ 
PHYSIOL 

PHILIPP W |1994 |232 |87 |GRAEF ARCH CLIN EXP ROTHLEIN R |1986 |137 |1270 | J IMMUNOL 

SMOLING |1986| |135 | OCULAR IMMUNOLOGY SPRINGER T A 1 1990 1 346 |425 (NATURE 

TROCME S D 1 1989 1 108 1 57 | AM J OPHTH ALMOL TROCME S D 1 1993 1 1 1 5 1 640 | AM J OPHTHALMOL 
TROCME SD |1992|67 |557 |MAYO CLIN PROC 

UDELL I J [1981192 |824 | AM J OPHTHALMOL VORKAUF M |1993 |231 |323 |GRAEF ARCH CLIN 
EXP WHITCUP S M 1 1995 1 60 1 597 | EXP EYE RES 

=> file scisearch caplus 

COST IN U.S. DOLLARS SINCE FILE TOTAL ENTRY SESSION 

FULL ESTIMATED COST 31.03 41.92 

FILE 'SCISEARCH' ENTERED AT 08:40:32 ON 06 AUG 2002 
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COPYRIGHT (C) 2002 Institute for Scientific Information (ISI) (R) 
FILE 'CAPLUS' ENTERED AT 08:40:32 ON 06 AUG 2002 

USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT. PLEASE SEE "HELP USAGETERMS" FOR 
DETAILS. 

COPYRIGHT (C) 2002 AMERICAN CHEMICAL SOCIETY (ACS) 

=> s yannariello?/rau (s)1997/rpy (s)7/rvl (s) 15?/rpg 
NUMERIC VALUE NOT VALID '15?' 

L5 9 YANNARIELLO?/RAU (S) 1997/RPY (5) 7/RVL (S) 157/RPG 

d bib hit 1-9 

L5 ANSWER 1 OF 9 CAPLUS COPYRIGHT 2002 ACS 
AN 2002:465415 CAPLUS 

TI The hyaluronan receptor for endocytosis (HARE) is not CD44 or CD54 (ICAM-1) 

AU Weigel, Janet A.; Raymond, Robert C; Weigel, Paul H. CS The Oklahoma Center for Medical Glycobiology, Department 
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